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ABSTRACT Recombinant pox viruses have been gener- 
ated for vaccination against heterologous pathogens. Amongst 
these, the following are notable examples. (0 The engineering 
of the Copenhagen strain of vaccinia virus to express the 
rabies virus glycoprotein. When applied in baits, this recom- 
binant has been shown to vaccinate the red fox in Europe and 
raccoons in the United States, stemming the spread of rabies 
virus infection in the wild, (if) A fowlpox-based recombinant 
expressing the Newcastle disease virus fusion and hemagglu- 
tinin glycoproteins has been shown to protect commercial 
broiler chickens for their lifetime when the vaccine was 
administered at 1 day of age, even in the presence of maternal 
immunity against either the Newcastle disease virus or the pox 
vector, (iii) Recombinants of canarypox virus, which Is re- 
stricted for replication to avian species, have provided pro- 
tection against rabies virus challenge In cats and dogs, against 
canine distemper virus, feline leukemia virus, and equine 
influenza virus disease. In humans, canarypox virus-based 
recombinants expressing antigens from rabies virus, Japanese 
encephalitis virus, and HIV have been shown to be safe and 
immunogenic (r>) A highly attenuated vaccinia derivative, 
NYVAC, has been engineered to express antigens from both 
animal and human pathogens. Safety and bnmunogenldty of 
NYVAC-based recombinants expressing the rabies virus gly- 
coprotein, a poryprotein from Japanese encephalitis virus, 
and seven antigens from Plasmodium falciparum have been 
demonstrated to be safe and immunogenic in early human 
vacdne studies. 

The notion that the work of Edward Jenner could be carried 
on after the successful global eradication of smallpox as a 
human infectious disease was provided by early descriptions of 
the engineering of vaccinia virus to express foreign genes (1, 
2). Thus, by splicing genes from heterologous pathogens into 
the vaccinia virus vector one could immunize against that 
cognate pathogen. The 14 years since those publications were 
an exciting period where numerous strains of vaccinia were 
engineered to express a variety of antigens from a myriad of 
bacterial, viral, and parasitic pathogens with subsequent eval- 
uation of the recombinants in both animal models as well as 
target spedes. Initial safety concerns of vaccinia virus vectors 
have been addressed by the use of highly attenuated replica- 
tion-defident strains of the virus as well as the engineering of 
host range-restricted pox viruses such as canarypox virus that, 
while restricted for productive replication to avian spedes, 
have been shown to effectively vaccinate nonavian targets. The 
initial studies on vaccinia virus were extended to other mem- 
bers of the pox virus family so as to provide spedes spedfic 
vectors. An example of this is the engineering of fowlpox-based 
vectors for use as recombinant vaccines in the poultry industry. 
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Much information has been gained through this period and 
today some commercial success has been evidenced by the 
licensing of several products in the veterinary field. Today, in 
addition to continued work in this area for vaccines, pox 
vims-based vectors remain as eminent tools for studying the 
parameters of immune induction and new fields of endeavor 
are being investigated such as in cancer immunotherapy. 

This paper will provide an update, albeit incomplete, of 
ongoing research with pox virus-based vectors* 

Vaccinia-Rabies Glycoprotein G Recombinant 

A vaccinia recombinant expressing the rabies virus glycopro- 
tein was an early example of a successful pox virus vector useful 
in immunization (3): The vector was constructed by the 
insertion of the encoding cDNA for the rabies virus glycopro- 
tein in the thymidine kinase locus of the Copenhagen strain of 
vaccinia virus. Disruption of the thymidine kinase locus al- 
lowed a biochemical selection of the recombinant as well as an 
attenuated phenotype to the vector. This recombinant has 
received a conditional commercial license in both Europe and 
in the United States. 

The recombinant is administered as a live vaccine in baits for 
oral uptake by foxes in Europe and by raccoons in the United 
States. Extensive seeding of large geographic regions has 
provided field safety and efficacy. More recently, vaccine baits 
for controlling an epizootic of rabies in coyotes and grey fox in 
Texas has involved the seeding by air of more than 40,000 
square miles with this recombinant vaccine. 

Fowl pox Virus-Based Recombinants 

The engineering of fowlpox virus-based vectors has direct 
application for recombinant vaccines in the poultry industry. 
Fowlpox virus is a pathogen in poultry. Attenuated fowlpox 
virus vaccines have been used for decades in the poultry 
industry to prevent wild-type virus infection. These attenuated 
fowlpox vaccine strains provide starting material for further 
construction of recombinant vacdnes. The vector approach in 
poultry is confronted by issues similar to the general vaccine 
discipline and specifically to the vector approach. One such 
issue is how will preexisting maternal immunity influence the 
outcome of vaccination with a recombinant vector approach. 
In the poultry industry, this problem is generally twofold since 
the mother is immune to both the pathogen whose genes are 
to be expressed in the vector and to the fowlpox vector itself. 
The results of such a situation are detailed in ref. 5, where a 
fowlpox virus recombinant expressing the hemagglutinin neur- 
aminidase and the fusion glycoproteins of Newcastle disease 
virus (NDV) are studied. A single inoculation in spedfic 

Abbreviations: NDV, Newcastle disease virus; JEV, Japanese enceph- 
alitisvirus; PRV, Pseudorabies virus; FeLV, feline leukemia virus; 
CTU cytotoxic T lymphocyte. 
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Further, prior to the filing of applicants' application there was considerable uncertainty in 
the art regarding fowlpox vectors. For example, attached are copies of Paoletti, Proc. Natl. Acad. 
Sci. U.S.A, 93(21):1 1349-1 1353, 1996 and Taylor, Vaccine, 13(6):539-549, 1995. Both of these 
documents state that canarypox viruses have shown to be 100 times more efficient than a 
comparable fowlpox vector in inducing protective immunity (Paoletti, page 1 1350, second full 
paragraph and Taylor, page 539, passage bridging columns one and two). Accordingly, at the time 
of filing, one of ordinary skill in the art would not be motivated to select the claimed fowlpox virus 
vector from Paoletti. 

In addition, Paoletti and Ramshaw do not provide any reasonable expectation that the 
claimed viral construct would be effective in inducing, enhancing or otherwise stimulating an 
immune response. The Examiner appears to consider that the prior art provides a general and broad 
expectation that co-expression of a cytokine with an antigen would enhance the immune response to 
an HIV antigen of interest (page 3, lines 9 et seq of the Office Action). The Examiner, however, has 
failed to identify why the combination of Paoletti and Ramshaw would have provided a reasonable 
expectation of success. Specifically, prior to the present invention, there had been no studies of co- 
expression (fowlpox-antigen-cytokine) in primates. As fowlpox poorly infects mammalian cells, 
there was a considerable risk that the vector would not work in primates. Further, at the time of 
filing, there was considerable uncertainty whether vectors which had shown to be immunogenic in 
mice would be immunogenic in primates. The technical data provided in the subject specification 
shows a vaccine construct according to the claims that is effective both in terms of its 
immunogenicity in primates and safety in primates. Without applicants' specification that provides 
proof of the effectiveness of the claimed viral construct, one of ordinary skill in the art would not be 
motivated to combine these specific references in the claimed manner to obtain a successful viral 1 
construct. 
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Accordingly, the Examiner has failed to provide the specific motivation required to combine 
the references. Further, the Examiner has failed to show that even if one of ordinary skill in the art 
were to have combined the disclosures of these references, they would have arrived at the claimed 
invention absent applicants' disclosure. Consequently, the rejections of claims 1,17-19 and 38, 
should be withdrawn. 

Claims 24, 25, 30 and 31 stand rejected under 35 USC 112, first paragraph, as not being 
enabled by the specification. In the interest of expediting prosecution, claims 24, 25, 30 and 31, 
have been cancelled without prejudice. Accordingly, this rejection is now moot. 

In view of the above, each of the presently pending claims in this application is believed to 
be in immediate condition for allowance. Accordingly, the Examiner is respectfully requested to 
withdraw the outstanding rejection of the claims and to pass this application to issue. If it is 
determined that a telephone conference would expedite the prosecution of this application, the 
Examiner is invited to telephone the undersigned at the number given below. 

In the event the U.S. Patent and Trademark Office determines that an extension and/or other 
relief is required, applicant petitions for any required relief including extensions of time and 
authorizes the Commissioner to charge the cost of such petitions and/or other fees due in connection 
with the filing of this document to Deposit Account No, 03-1952 referencing docket no. 
229752001400. 

Dated: September 13, 2006 Respej 
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pathogen-free birds at 1 day of age provided hemagglutinin- 
inhibiting antibodies that were maintained for the 8-week test 
period, which is the lifespan of a commercial broiler. Protective 
immunity was demonstrated against a combined intramuscular 
velogenic NDV challenge and a respiratory NDV challenge. 
Significantly, vaccination of commercial broiler chickens that 
retained a level of maternal immunity against both NDV and 
the vector resisted a subsequent challenge against both a lethal 
intramuscular NDV challenge, as well as a virulent fowlpox 
virus challenge. However, the NDV-specitlc immune response 
was at a reduced level. A fowlpox virus recombinant expressing 
NDV glycoproteins has received commercial licensure in the 
United States. 

Avipox Vims Vectors in Nonavian Species 

Members of the Avipox genus such as fowlpox and canarypox 
are distinguished by their host restriction for replication to 
avian species. It was discovered that inoculation of avipox- 
based recombinants into mammalian cells resulted in expres- 
sion pf the foreign gene and that inoculation into mammals 
resulted in the induction of protective immunity (6, 7). This 
surprising finding provided a significant safety profile to these 
vectors. Immunization could be affected in the absence of 
productive replication while eliminating the potential for 
dissemination of the vector within the vaccinate and, therefore, 
the spread of the vector to nonvaccinated contacts or to the 
general environment. 

For reasons still not understood, it was demonstrated that a 
recombinant canarypox vector was a 100 times more efficient 
than a comparable fowlpox vector in inducing protective 
immunity and similar to a thymidine kinase-disrupted repli- 
cation competent vaccinia virus vector (8). 

Numerous examples have now been provided demonstrating 
the safety, immunogenicity, and protective efficacy of canary- 
pox-based recombinants in both experimental animal models 
and target species. A prime example has used canarypox-based 
recombinants expressing the rabies virus glycoprotein G. 
Rabies virus infection and immunization are issues for both 
veterinary and human medicine, A great deal of information 
is available in rabies virus immunization, experimental animals 
and target species are readily available for study, and the 
parameters of successful immunization are understood. The 
safety and immunogenicity of a canarypox-based rabies gly- 
coprotein recombinant was demonstrated in a number of 
nonavian species (9). Protection of vaccinated experimental 
animals or target species cats and dogs was demonstrated. 

To appreciate the duration of immunity that could be 
engendered by vaccination with a canarypox-based recombi- 
nant, naive beagles were vaccinated by a single subcutaneous 
dose of the vaccine followed by rabies challenge with rabies 
virus. All vaccinated dogs seroconverted with maximal titers at 

1 month. At various times after vaccination, a subset of dogs 
was challenged. At 6 and 12 months postvaccination, all dogs 
vaccinated with a single dose of the vaccine resisted challenge 
that was lethal to all the control animals. At 24 months after 
vaccination, 11 of 12 vaccinated' dogs survived challenge with 
similar protection observed at 36 months postvaccination (10). 
These studies demonstrated that a single vaccination was 
immunogenic and that a protective immune response was 
primed such that recall as long as 3 years later was protective 
against a rabies virus challenge in the target species. 

Successful vaccination in the presence of rabies-specific 
maternal antibodies was demonstrated in the following exper- 
iment using beagles. A worst scenario situation was established 
wherein pregnant bitches with immunity to rabies were revac- 
cinated 2 weeks before whelping to maximize the antirabies 
antibody titers transferred from the bitch to the offspring. At 

2 weeks after birth, the pups were vaccinated with a single dose 
of a canarypox-based rabies vaccine recombinant. Serological 



responses were followed to monitor either the decay of ma- 
ternal antibodies in the nonvaccinated control pups or the 
effect on antibody titers on the pups vaccinated in the presence 
of maternal antibodies. At 3 months, immunity was challenged 
by inoculation of live rabies virus in the temporal muscle. The 
. maternal antibody titer in th$ unvaccinated pups decayed with 
the expected kinetics. Pups vaccinated with the recombinant 
virus showed a slight increase in rabies virus neutralizing titer at 
2 weeks postvaccination that fell to undetectable levels at the time 
of challenge. In a vaccine dose-dependent fashion, pups immu- 
nized in the presence of maternal immunity survived the rabies 
vims challenge that was lethal to all the nonvaccinated pups (10). 
This study demonstrated that young animals could be successfully 
vaccinated in the presence of maternal immunity. 

The concept of using a nonreplicating avipox virus vector, a 
canarypox-based rabies recombinant, has been evaluated for 
safety and immunogenicity in human clinical studies (11, 12). 
Rabies naive healthy adult volunteers were inoculated with 
increasing doses of the recombinant in a schedule including a 
boost at 1 and 6 months. For comparison, the standard 
inactivated human diploid cell rabies vaccine was used. All 
inoculations with the recombinant canarypox vaccine were 
well-tolerated with only mild and short-lived reactions at the 
inoculation site reported. In these two clinical trials, induction 
of antirabies immune responses were demonstrated, and it was 
demonstrated that canarypox recombinants could be used 
either by themselves or in a protocol wherein the priming 
vaccination with the vector could be followed by a booster with 
the inactivated rabies vaccine. 

Although the immune responses to the experimental ca- 
narypox recombinant were comparable but not demonstrated 
■ to be superior to those obtained with the standard inactivated 
rabies vaccine, it perhaps is not surprising given the relative low 
doses of the recombinant vaccine used in these studies and the 
comparison with an optimized and highly immunogenic li- 
censed vaccine. 

Other examples demonstrating the utility of canarypox 
virus-based vectors for veterinary species have been provided. 
Canarypox virus recombinants expressing the measles virus 
fusion and hemagglutinin glycoproteins have been used to 
vaccinate dogs. Comparison of these recombinants with vac- 
cinia virus vectors expressing the same genes were shown to 
provide similar levels of immune response and protection 
against a challenge with the related Nforbilli virus, canine 
distemper (13). 

Construction of specific canine distemper virus recombi- 
nants expressing the fusion and hemagglutinin have been 
evaluated in the highly susceptible ferret model and dog host 
and were demonstrated to provide protection against chal- 
lenge (unpublished data). 

Canarypox-based recombinants expressing the hemagglutinin 
from equine influenza virus were shown to be immunogenic when 
inoculated in horses and provided protection against a naturally 
occurring equine influenza virus infection (14). 

Two canarypox virus-based recombinants were constructed, 
each expressing the entire gag gene and either the intact 
subgroup A envelope of feline leukemia virus (FeLV) or a 
modified version of the envelope from which the putative 
immunosuppressive region was deleted (15). These recombi- 
nants were evaluated for protective efficacy in kittens of 8*9 
weeks of age. Two inoculations of the recombinants at 5 and 
2 weeks before challenge failed to induce measurable FeLV 
neutralizing antibodies. Nevertheless, 50% of the cats receiv- 
ing the mutated envelope recombinant and 100% of the cats 
receiving the intact envelope recombinant were protected 
against an oronasal challenge with the FeLV-A/Glasgow-1 
isolate. Protection was assessed by evaluating p27 antigenimea, 
detecting FeLV antigen in blood smears, and the attempted 
recovery of infectious FeLV. This was the first description of 
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a successful immunization against a retrovirus provided by pox 
virus-based recombinants. 

Hie above observations provided an impetus to further 
investigate the potential of canaryppx-based vectors for im- 
munization against other retrovirus with particular attention 
on the Antiviruses with focus on HIV, the causative infectious 
agent of AIDS. The entire envelope protein of the human T-cell 
leukemia/tymphoma virus type I was expressed in a canarypox 
virus vector. Two inoculations of the recombinant vaccine 
candidate were administered to rabbits. Five months after the 
last inoculation, the animals were exposed to a human T-cell 
leukemia type-I cell associated challenge from a primary 
culture of the bou isolate. The animals were protected. Hie 
protected animals were again challenged 5 months after the 
initial challenge exposure with 5 ml of blood from an infected 
rabbit. Immunity failed this relatively large challenge expo- 
sure. Of interest in these studies (16) was the observation that 
if asubunite/rvefo/* booster was administered in alum after the 
priming vaccination with the canarypox recombinant protec- 
tion was not obtained. Interpretation of this observation can 
lead to interesting speculation! 

Other interesting observations using canarypox-based re- 
combinants expressing antigens from either HIV-I or II, as 
well as simian immunodeficiency virus, have been reported! In 
laboratory rodents, induction of both humoral immunity as 
well as cytotoxic T lymphocyte (CTL) can readily be demon- 
strated (17). 

Recombinants expressing ¥UV-Ugag,pol t or envelope genes 
have been evaluated in macaques in several studies with some 
level of protection described (18, 19). Significant and raising 
concerns for those involved in vaccine development correlates 
of protective immunity are not revealed in these studies. 
Multiple immunization allowing for the maturation of the 
immune response is suggested by some studies (20). An 
intriguing observation was the cross protection against HIV- II 
challenge in monkeys vaccinated with HI V-l recombinant pox 
viruses (21). A likely interpretation of this data is the induction 
of and protection by cross-reactive CTL. However, the basis of 
this cross protection is currently unknown. 

A series of recombinant canarypox virus-based recombi- 
nants expressing an increasing complexity of HIV-I strain MN 
antigens have been constructed and evaluated in human 
clinical trials for both safety and immunogenicity. The earliest 
of these studies in HIV seronegative healthy adult volunteers 
have been reported (22). A vaccine regimen providing the best 
results to date involve one or two doses of the recombinant 
canarypox virus vector followed by .one or two doses of an 
adjuvanted recombinant envelope subunit Hie induction of 
binding, HIV neutralizing, and both CD4 and CD8 CTL have 
been reported (22-24). 

More recent data using the more complex recombinants and 
higher doses of vaccine in a vector prime/subunit antigen 
boost protocol have demonstrated better levels of neutralizing 
antibody induction and a more complex reactivity of CTL to 
multiple HIV antigens. Further comparison of separate phase 
I trial data a prime/boost protocol using the canarypox vector 
fares favorably when compared with a prime boost protocol 
using a replication competent vaccine vector as a primer 
(unpublished data). In this light, the failure of the canarypox 
vector to replicate in the mammalian host provides advantage 
over the replication competent vaccinia virus vector. The 
general safety profile of the HIV-I canarypox recombinants in 
human volunteers is similar to that observed with the canary- 
pox recombinants expressing the rabies virus glycoprotein 
discussed above. 

Attenuated Vaccinia-Based Vector NYVAC 

The global smallpox eradication program was made possible by 
several biological features of the pathogen and the vaccine. 



The pathogen had only a single host for infection and prop- 
agation — man. There were no animal reservoirs from which 
the pathogen could recrudesce. Defined outbreaks of the 
infection could be circumscribed and contained by vaccination. 
Vaccinia, the vaccine, could be produced efficiently and at low 
cost in regional centers. The ability to retain potency of the 
vaccine as a freeze-dried preparation allowed storage and 
transport to remote regions of the globe. The successful 
smallpox eradication program, however, was not without vac- 
cine-associated risk. Vaccine reactogenicity with some severe 
or lethal outcomes was associated with the vaccine in general 
and specifically higher rates of adverse events were evidenced 
in certain populations or with certain vaccine strains or 
preparations. Early attempts to manufacture the vaccine under 
more defined and regulated laboratory conditions were aban- 
doned with the success of the eradication effort. The known 
reactogenicity of the vaccinia vaccine was therefore a concern 
to be addressed when the virus was proposed as a vector for 
new engineered vaccines. This concern has been addressed in 
several ways such as the provision of naturally host-restricted 
vectors described above or by the targeted attenuation of 
existing vaccine strains. This approach is demonstrated by the 
engineering of the NYVAC strain of vaccinia virus. The 
Copenhagen strain of vaccinia was chosen as a vaccine sub- 
strate. The entire DNA sequence of the genome was estab- 
lished (25). With this information and the extant knowledge of 
virulence-related and other genetic functions related to host 
range replication competency unwanted genetic information 
was precisely deleted from the vaccinia virus genome. Hie 
resultant vector, NYVAC, was highly attenuated as demon* 
strated in a series of studies in animal surrogates (26). Intra- 
cranial inoculation of newborn or young adult mice demon- 
strated a very favorable dose range compared with either the 
parent or other vaccine strains, and significantly no dissemi- 
nated viral infection was observed in immunocompromised 
hosts. In numerous tissue culture cells of human origin, the 
vector was shown to be highly debilitated for replication 
consistent with the deletion of host range genes. The modified 
NYVAC vector, while highly attenuated, retained the ability to 
induce protective immune responses to foreign antigens in a 
fashion similar to the thymidine kinase mutant of the parent 
strain. 

A number of examples using the NYVAC vector as a 
recombinant vaccine delivery system have been provided in 
animal mode] systems and in target species including humans. 
A series of NYVAC recombinants were generated to express 
glycoproteins from Pseudorabies virus (PRV) and the immu- 
nity afforded by these recombinants was evaluated in the target 
species of PRV infection, the pig. PRV neutralizing antibodies 
were induced following two intramuscular inoculations 28 days 
apart. The NYVAC recombinant expressing the PRV glyco- 
protein gp50 induced levels of PRV neutralizing antibodies 
and afforded protection against a virulent oronasal PRV 
challenge that was comparable to vaccination with inactivated 
PRV vaccine (27). The advantage of a recombinant vaccine is 
that one is allowed to discriminate between a naturally infected 
versus vaccinated animal since the recombinant vaccine dis- 
plays a defined subset of the antigens of the pathogens. This 
discrimination allows the agricultural industry to properly 
track infections and cull infected herds. 

A NYVAC-based recombinant expressing two hemaggluti- 
nin glycoproteins of the Al and A2 equine influenza serotypes 
induced hemagglutinin inhibiting antibodies when inoculated 
into horses and afforded significant protection when the 
vaccinated horses became exposed to a natural equine influ- 
enza virus infection (14). 

The polyprotein of Japanese encephalitis virus (JEV) en- 
coding prM/M, E, and NS1 was expressed in NYVAC recom- 
binants and the vector used to vaccinate swine, a major natural 
host of JEV infection and a reservoir for mosquito transmts- 
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sion of the vims to man. Hemagglutinin-inhibiting and JEV* 
neutralizing antibodies were induced on vaccination. The 
nonvaccinated challenged animals succumbed to JEV infec- 
tion, whereas the vaccinated group had levels of JEV challenge 
viremia insufficient to be transmitted by mosquitoes (28) Both 
a NYVAC- and a canarypox-based Japanese encephalitis 
recombinant are currently being evaluated in human clinical 
trials. 

A NYVAC vector has been engineered to express the rabies 
glycoprotein gene. In mice, cats, and dogs, the recombinant was 
shown to be safe and to provide protection against a lethal rabies 
virus challenge. The recombinant is now being evaluated in phase 
I human clinical trials for safety and immunogenicity. 

Pox virus vectors have been used to determine the immu- 
nogenic potential of antigens from Plasmodium spp. in an 
effort to understand the design of an effective vaccine against 
malarial infections. In this regard a NYVAC vector reconsti- 
tuted with the K1L host range gene was constructed to express 
intact or mutated forms of the circumsporozoite protein of 
Plasmodium berghei. Vaccination of the target host, the mouse, 
induced both binding antibody and CTL Vaccinated and 
control mice were challenged either by the intravenous injec- 
tion of sporozoites or by allowing infected mosquitoes to feed 
on the subjects. Protection was scored as the absence of blood 
stage parasetemia as determined by microscopic analysis of 
blood films from individual mice from 5-15 days after chal- 
lenge. In a number of challenge experiments, "80% protection 
was obtained. This is to be compared with the consistent 100% 
level of protection obtained by vaccination with irradiated 
sporozoites. Protection in the recombinant virus-immunized 
mice apparently did not correlate with antibodies but a good 
correlation was established between CTL and protection. In 
vivo antibody depletion of CD8+ T cells before challenge 
abrogated protection (29). 

With this data as an inducement, a complex NYVAC-based 
recombinant was constructed to express multiple antigens 
from P. falciparum. To address the multiple stages of the 
parasite life cycle, multiple antigens from the various stages 
were used. Thus, a recombinant expressing seven parasite 
antigens was provided. This recombinant was evaluated in 
rodents and in monkeys where safety and immunogenicity 
were established (30). This recombinant is now being evalu- 
ated in clinical trials where the vaccinated subjects are exposed 
to the bites of infected mosquitoes. Appearance of parasites in 
the blood of the infected volunteers will terminate the chal- 
lenge followed by administration of antimalarial drugs to 
thwart further replication of the parasite. Since ethical and 
medical considerations require treatment on appearance of 
blood-stage parasites, only the antisporozoite and liver-stage 
immunity engendered by the vaccine can be evaluated. Full 
evaluation of blood-stage and transmission-blocking immunity 
cannot be evaluated in this limited clinical setting. 

To date, all the above-mentioned abstracted data provided 
from human clinical trials using NYVAC-based vectors have 
described a good safety profile and the induction of some level 
of immunity to the expressed heterologous antigens. 

Other Applications of Pox Virus-Based Vectors 

The use of pox virus-based vectors as recombinant vaccines for 
heterologous bacterial, viral, or parasitic pathogens was the 
first practical application of this technology deriving from the 
fact that vaccinia virus was an established vaccine. However, 
the pox virus vectors can be looked at as general delivery 
systems for genes for other applications. For example, these 
vectors can be used in vitro to stimulate and expand CTL 
reactivities from the peripheral blood of chronically infected or 
tumor-bearing individuals (31). The antigen-specific stimula- 
tion and expansion of such cultures might provide some 
therapeutic benefit when reintroduced to the donor patient 



For cancer immunotherapy, numerous pox virus-based re- 
combinants expressing tumor-associated antigens or biological 
response modifiers have been described (32). Of particular 
note, recombinants expressing the carcinoembryonic antigen 
were shown to elicit both antibody and cellular immune 
responses in mice and monkeys and to protect mice from tumor 
cell challenge (33, 34). Whether vaccinia or canarypox-based 
recombinants expressing the carcinoembryonic antigen will 
have any therapeutic benefit is currently being investigated in 
the clinic in patients with colorectal carcinomas. 

A recent publication (4) reported the protection of mice 
vaccinated with a p53 expressing recombinant against chal- 
lenge with an isogenic and highly tumorigenic mouse fibroblast 
tumor cell line expressing high levels of a mutant human p53 
but lacking endogenous murine p53. Expression of the mutant 
form of p53 in the recombinant virus was not essential since the 
wild-type p53 afforded similar efficacy. This may be an im- 
portant observation since p53 is an attractive target for cancer 
immunotherapy. Mutations of p53 represent the most common 
genetic changes demonstrated in human rumors. 

Discussion 

Hie excitement of the 1982 proposal to use pox virus-based 
vectors as heterologous vaccines and the ensuing years of 
extensive pursuit of this idea have provided numerous working 
examples in laboratory animal model systems as well as in 
target species. In the veterinary field, products have now been 
licensed for commercialization and a significant number of 
clinical studies have been and continue to be pursued for both 
infectious diseases, ex vivo therapies, and cancer immunother- 
apy. The immediate future looks to be as exciting as the recent 
past. 
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4 

Biological and immunogenic properties 
of a canarypox-rabies recombinant, 
ALVAC-RG (vCP65) in non-avian 
species 

J. Taylor*, B. Meigriier f , J. Tartaglia*, B. Languet*, J. VanderHoeverT, 
G. Franchini 6 , C. Trimarchi" and E. Paoletli* 

A canarypox-based (ALVAC) recombinant expressing the rabies G glycoprotein has 
been utilized to assess in vitro and in vivo biological properties of the canarypox vims 
vector system. In vitro studies have shown that no replication of the virus can be detected 
on six human-derived cell lines, nor can the virus be readily adapted to replicate on non- 
avian cells. Expression of the rabies G can be detected on alt cell lines analyzed in the 
absence of productive viral replication. Analysis of viral-specific DNA accumulation 
indicated that the block in the replication cycle in the human cell lines analyzed occurred 
prior to DNA replication. The exact nature of the block, however, remains unknown. The 
concept of using a non-replicating immunization vehicle has been demonstrated through 
extensive in vivo studies in a range of species including non-human primates and humans. 
The results of such in vivo studies have exemplified the safety and immunogenicity of the 
ALVAC vaccine vector. 

Keywords: Poxvirus-based vaccines; canarypox virus (ALVAC); ALVAC-RG(vCP65); safety; immunogenicity 
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The development of naturally host-restricted avipox 
virus vectors capable of expressing extrinsic 
iramunogens and inducing a protective immune 
response against lethal viral challenge in mammalian 
species has been described 1 " 3 . Fowlpox virus (FPV) and 
canarypox virus (CPV) are members of the avipox virus 
genus of the Orthopoxvirus family. Productive 
replication of avipox viruses is restricted to avian 
species*. Both FPV and CPV-rabies recombinants'- * 
express the rabies glycoprotein in tissue culture cells of 
non-avian origin without apparent replication of the 
vector virus. Inoculation of these recombinants into a 
range of non-avian species including mice, cats, and 
dogs demonstrated that the level of expression of the 
foreign gene product was sufficient to induce rabies- 
specific serum neutralizing antibodies and to protect 
against a lethal rabies virus challenge. 

Potency tests in mice indicated that a CPV vector 
expressing the rabies glycoprotein was 100-fold more 
efficacious than an FPV-based vector and that the 
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protective efficacy of a host-restricted CPV-rabies vector 
was similar to that of a replication-competent vaccinia 
virus vector containing the rabies G gene in tbe 
thymidine kinase locus 2 . Further, both replication 
competent W-measles recombinants and a host- 
restricted CPV-measles recombinant induced similar 
levels of measles virus neutralizing antibody and 
protection against experimental canine distemper virus 
challenge in dogs 3 . 

Additional studies have shown that the utility of 
avipox vectors as immunizing agents in non-avian 
species is not limited to the rabies glycoprotein or 
measles virus immunogens. Vaccination of cats with an 
ALVAC-based recombinant expressing the feline 
leukemia virus (FeLV) A subtype Env and Gag proteins 
protects against the development of persistent viremia 
following FeLV challenge exposure 7 . ALVAC 
recombinants expressing immunogens from Japanese 
encephalitis virus (JEV) have also been shown to protect 
mice against a lethal JEV challenge 8 . Safety and 
immunogenicity studies in horses utilizing an ALVAC 
recombinant expressing the hemagglutinin glycoproteins 
from the A I and A2 serotypes of equine influenza virus 
demonstrated the induction of type specific 
hemagglutination-inhibiting antibodies and protection 
against an A2 epizootic 4 . An ALVAC-based 
recombinant expressing the HIV- 1 envelope 
glycoprotein has recently been shown to induce HIV- 
specific antibody and cytotoxic T-lymphocyte responses 
in mice*. These examples of ALVAC recombinants 
expressing immunogens from a variety of viral 
pathogens indicate the general utility of ALVAC-based 



recombinant viruses as immunization vehicles in a 
variety of mammalian species. 

Avipox virus-based vectors theoretically provide 
significant safety advantages in light of their inability to 
productively replicate in non-avian species. Such a 
vaccine vector should not allow dissemination within 
the vaccinated individual, contact transmission to non- 
vaccinated individuals, or general contamination of the 
environment. The concept of utilizing a replication- 
restricted vaccine vector, ALVAC-RG, in humans has 
recently been assessed with promising results. The 
experimental vaccine was well tolerated and induced 
protective levels of rabies-neutralizing antibodies 10, M . 

These studies in target species have provided a 
database which has indicated that ALVAC-based 
recombinants may have significant advantages as 
vector-based vaccines. It therefore was critical to 
rigorously evaluate the safety characteristics of 
ALVAC-based recombinants in laboratory animals and 
to establish the innocuity and immunogenicity of the 
vector in both non-human primates and target species. 
This report describes in vitro and in vivo studies designed 
to explore the basis of host restriction, safety, and 
immunizing potential of the ALVAC-based vector. 

MATERIALS AND METHODS 
Cells and viruses 

Viral amplifications and plaque titrations were 
performed on primary chicken embryo fibroblast (CEF) 
cells from 10 to 11 day embryos of SPF origin. 
Titrations were also performed as a microtiter assay on 
the quail QT35 cell line 12 and titers determined by the 
method of Karber 13 . 

The origin of other cells used in this study is as 
follows: (1) VERO cells (ATCC No. CCL81) are a line 
derived from African Green Monkey kidney; (2) MRC- 
5 (ATCC No. CCL171) are of human embryonic lung 
origin; (3) HNK are human neonatal kidney cells 
subculture^ for less than five passages (Whittaker 
BioProducts, Inc., Walkersville, MD (Cat. No. 70-151)); 
(4) HEL 299 are human embryonic lung cells (ATCC 
No. CCL137); (5) WISH are of human amnion origin 
(ATCC No. CCL25); (6) DETROIT 532 are of human 
foreskin (Down's Syndrome) origin (ATCC No. 
CCL54); (7) JT-1 is a human lymphoblastoid cell line 
transformed with Epstein-Barr virus as described in 
Rickinson et aL l * 

The canarypox virus strain from which ALVAC was 
derived was isolated from a pox lesion on an infected 
canary. The vims was first isolated at the Rentschler 
Bakteriologishes Institut, Lauphein, Wurtemberg, 
Germany, where it was attenuated by 200 serial 
passages in CEFs. This attenuated strain (Kanapox) 
obtained from Rhone Merieux is licensed as a vaccine 
for canaries in France. At Virogenetics, the virus was 
subjected to four successive rounds of plaque 
purification under agarose. One plaque isolate, 
designated ALVAC, was selected for amplification and 
used in these studies. 

Development of recombinant ALVAC-RG (vCP65) 

The canarypox rabies recombinant was derived by 
methods previously described 1 * ,5, ,6 . A unique insertion 
locus was defined at a BgUl site within an 880 bp Pvutl 



fragment of CPV genomic DNA. The DNA sequence of 
this fragment was determined and the open reading 
frame (ORF) designated as C5 defined. Deletion of the 
entire C5 ORF was made by standard molecular 
biological procedures 17 ' 18 without interruption of 
neighboring ORFs. The C5 ORF was replaced by 
HindlU, Smal and EcoK\ insertion sites followed by 
translation termination codons and early vaccinia virus 
transcription termination signals 19 . 

The ERA strain rabies glycoprotein cDNA 20 ** 1 
linked to the early/late vaccinia virus H6 
promoter 1 * 16 22 was inserted at the Smal site. The 
resulting plasmid, pRW838, was transfected into 
ALVAC-infected primary CEF cells using the calcium 
phosphate precipitation method 15 . Plaques were selected 
on the basis of DNA hybridization to a rabies G-specific 
radiolabeled probe and subjected to sequential rounds 
of plaque purification. A representative plaque was then 
amplified and designated ALVAC-RG with the 
laboratory designation of vCP65. 

Inoculation of non-avian cells with ALVAC-RG 

A variety of human cell substrates, MRC-5, HNK, 
HEL, DETROIT-532, WISH and JT-1, were inoculated 
with ALVAC-RG and analyzed for expression of the 
rabies G gene, and accumulation of viral-specific DNA. 
Primary CEF cells were included as a permissive 
substrate. 

Viral DNA accumulation 

Sixty millimetre dishes containing two million cells of 
each cell type under test were inoculated with ALVAC 
at a multiplicity of infection (MOI) of 5 p.f.u. per cell. 
After an adsorption period of 1 h at 37°C, the inoculum 
was removed, the monolayer washed twice to remove 
unadsorbed virus and the infected monolayer refed with 
5 ml of Eagle's Minimal Essential Medium (EMEM) + 
2% Newborn Calf Serum (NCS). Cells from one dish 
were harvested at t 0 and the remaining dishes were 
incubated* in the presence or absence of 40 /xg ml' 1 of 
cytosine arabinoside (AraC; Sigma No. C6654), at 37°G 
for 72 h. Cells were collected and resuspended in 0.5 ml 
phosphate buffered saline (PBS) containing 40 mM 
EDTA and incubated for 5 min at 37°C An equal 
volume of 1.5% agarose containing 120 mM EDTA, 
prewarmed to 42°C, was gently mixed with the cell 
suspension and transferred to an agarose plug mold. 
After solidification, the agarose plugs were removed and 
incubated for 12-16 h at 50 Q C in a volume of lysis buffer 
(1% sarkosyl, 100 pig ml' 1 proteinase K, 10 mM Tris 
HQ pH 7.5, 200 mM EDTA) sufficient to cover the 
plug. The lysis buffer was then replaced with 5 ml 
0.5*TBE (44.5 mM Tris borate, 44.5 mM boric acid, 0.5 
mM EDTA) and equilibrated at 4°C for 6 h with 3 
changes of 0.5xTBE buffer. The viral DNA within the 
plug was fractionated from cellular nucleic acid using a 
BIO-RAD CHEF-DR II pulse field electrophoresis 
system (180 V/20 h/15°C) in 0.5XTBE with a ramp time 
of 50-90 s, using lambda DNA as molecular weight 
standards. The viral DNA band was first visualized by 
staining with EtBr, then transferred to a nitrocellulose 
membrane * and probed with a radiolabeled probe 
prepared from purified canarypox genomic DNA. 



Analysis of expression of rabies G gene 

Immunoprecipitation analysis was performed from a 
radiolabeled lysate of each cell line infected with 
A,LVAC or ALVAC-RG (vCP65) as described in 
TartagJia et aL iS using a rabies glycoprotein-specific 
monoclonal antibody designated 24-3F10. 

Time course study 

MRC-5 and CEF monolayers were inoculated with 10 
pfu/cell of ALVAC or ALVAC-RG (vCP65) at 37°C for 
60 min. The inoculum was removed, the monolayer 
washed twice, and the medium replaced. At 1, 3, 5, 9, 
13, 17, and 25 h post infection, the culture was labelled 
for 1 h by the addition of methionine-free medium 
containing 25 /iCi ml' 1 of 35 S-methionine (DuPont 
NEN; 1 140 Ci mmol -1 ). infected cells were scraped from 
the culture dishes, collected by centrifugation, washed 
twice with PBS and iysed by the addition of 2 ml of 
Buffer A (18). Infected cell lysates were analyzed for 
expression of the rabies G gene by immunoprecipitation 
as described in Tartaglia et al iB 

Safety studies in laboratory animals 

Groups of rabbits (New Zealand white ESD), guinea 
pigs (Dunkin-Hartley, Libeau) and mice (IFFA Credo, 
Les Oncins, France) were inoculated with ALVAC-RG 
by a variety of routes as shown in Table 7. Animals were 
inspected daily for signs of reactogenicity and at the 
termination of the test at 14-21 days, animals were 
euthanized and tissue at the site of inoculation 
examined. To monitor neurovirulence, nine male OF, 
mice were anesthetized and injected by the i.e. route 
with ALVAC-RG (vCP65). Three mice were inoculated 
with an uninfected cell extract. Three inoculated and 
one control mice were sacrificed on days 1, 3 and 6 post- 
inoculation. Brains were fixed in situ by immersing the 
opened skull in a solution of buffered formalin. After 
processing, 5 sections were made and stained with 
gallocyanin/phloxine. The sections involved the 
following levels: A: corpus striatum, B: infundibulum, 
C: pedunculi cerebri, D: pons and E: cerebellum. 

Comparison of virulence of Kanapox virus (Rentscbler 
strain of CPV) and ALVAC-RG in canary birds 

Canary birds certified to have not been immunized 
with canarypox virus were obtained from PIC Grains 
(Vignouse sur Barangeon, France). Birds were 
inoculated with 5.0 or 7.0 log, 0 p.f.u. of either Kanapox 
(Rentschler strain of CPV) or ALVAC-RG (vCP65) by 



Tbbte 1 Safety studies in laboratory animals: schedule of 
inoculation by different routes 



Species 


Virus 


Dose 


Route 


Volume 


Sites 


Rabbit 


ALVAC 


5.r 


i.c. 


0.1 ml 


1 




ALVAC-RG 


5.7 


i.c. 


0.1 ml 


1 




ALVAC-RG 


6.3 


Ld. 


0.2 ml 


5 




ALVAC-RG 


8.0 


S.C 


9.0 ml 


1 


Guinea pig 


ALVAC-RG 


6.0 


Ld. 


0.1 ml 


5 


ALVAC-RG 


7.3 


8.C 


2.0 ml 


1 


Mice 


ALVAC-RG 


5.7 


i.d 


0.05 ml 


5 




ALVAC-RG 


6.7 


sx. 


0.5 ml 


1 




ALVAC-RG 


6.0 


i.c. 


0.05 ml 


1 



Inoculum dose expressed as log^TCIDso 



smearing 50 fd of a 1:1 mixture of virus suspension and 
glycerin on a 0.5 cm 2 area from which the feathers had 
been removed on the back of each bird. Birds were 
monitored on a daily basis for one month 
postinoculation with weighing at 2-3 day intervals. 

Inoculation of ALVAC-RG into the skin of canary birds 
and mice 

Female OF, mice were injected by the i.d. route in 
each ear pinna with 5.0 log, 0 TC1D& of ALVAC-RG 
(vCP65) in 20 /d. Canary birds received an equivalent 
dose mixed with glycerin and smeared on a 1.0 cm 2 area 
of skin on the back from which feathers had been 
removed. At time intervals, animals were sacrificed and 
the skin surrounding the site of inoculation was 
dissected, homogenized in medium 199/Ham F10 plus 
2% FCS, and stored at -70°C. Mouse specimens 
consisted of the entire skin covering the dorsal face of 
the ear pinna. Homogenates were thawed, sonicated, 
cemrifuged, diluted 1:100 to avoid toxicity, and titrated 
in serial dilutions in QT35 cells. 

Immunogenic! ty and safety studies in primate species 

Three species of non-human primate, rhesus 
macaques, chimpanzees and squirrel monkeys (Saimiri 
sciureus) were inoculated with ALVAC-RG as shown in 
Table 2. The study in squirrel monkeys also addressed 
the questions of the ability to re-isolate virus after 
inoculation by a variety of routes and the immune 
response to ALVAC-RG in the face of pre-existing 
ALVAC immunity. In this study, three groups of four 
squirrel monkeys were inoculated with one of three 
viruses: (a) ALVAC, the parental canarypox virus; (b) 
ALVAC-RG (vCP65); or (c) ALVAC-FL (vCP37), a 
canarypox recombinant expressing the envelope 
glycoprotein of FeLV (Tartaglia et a!., unpublished 
data). Inoculations were performed under ketamine 
anesthesia. Each animal received at the same time: (1) 
20 fi\ instilled on the surface of the right eye without 
scarification; (2) 100 /d as several droplets in the mouth; 
(3) 100 /d in each of two i.d. injection sites in the shaven 
skin of the external face of the right arm; and (4) 100 pi 
in the anterior muscle of the right thigh. In each group, 
two animals received 5.0 log lo p.f.u. and two animals 
received 7.0 log lo p.f.u. of the appropriate virus. Virus 
isolation was attempted from the site of inoculation for 
11 days post-inoculation and all monkeys were 
monitored for adverse reactions. Six months after the 
initial inoculation, selected animals from each group 
plus one canarypox naive animal were inoculated with 
ALVAC-RG (vCP65) as described in Table 2. All 
animals were monitored for adverse reactions to 
vaccination and sera analyzed for the presence of anti- 
rabies antibodies 24 . 

RESULTS 

Derivation of ALVAC-RG (vCPdS) 

The strategy used to develop FPV* l6 - 23 and CPV 2 3 
recombinants involved insertion of the foreign gene at a 
unique restriction site within an ORF previously defined 
as nonessential. No attempt was made to precisely 
delete the interrupted ORF. In the generation of 
ALVAC-RG (vCP65), an insertion plasmid containing 
the H6/rabies G expression cassette was constructed 



Tbote 2 Schedule of Inoculation of primate species with ALVAC-RG (vCP65) 



Sftecies 


Designation 


Dose* 


Route 


Previous inoculations 


Booster dose. Interval 


Rhesus macaque 


177 and 186 


7.7 


s.c. 


none 


7.0. 100 days 




178 


7,0 


s.c. 


none 


none 




162 


7.0 




none 


none 




179 


6.0 


S.C. 


none 


none 




183 


60 


l.m. 


none 


none 




180 


50 


s.c. 


none 


none 




184 


5.0 


i.m. 


none 


none 


Chimpanzee 


431 


7.0 


i.m. 


none 


7.0, 84 days 




457 


7.0 


s.c. 


none 


7.0, 84 days 


Squirrel monkey 


37, 53 


6.5 


S.C. 


5.0, ALVAC-RG 


180 days 


38, 54 


6.5 


S.C. 


7.0, ALVAC-RG 


180 days 




22, 51 


6.5 


S.C. 


5.0. ALVAC 


180 days 




39, 55 


6.5 


S.C. 


5.0. ALVAOFL" 


180 days 




57 


6.5 


S.C. 


none 


none 



•virus dose expressed as tog 10 p.f.u. per mi 

"A canarypox recombinant expressing the envelope glycoprotein of FeLV (Tartaglia et a/., unpublished data) 



such that the flanking arms of the plasmid directed 
replacement of the non-essential ORF with the foreign 
gene. Insertion of the foreign gene was accomplished 
without altering neighboring ORFs and the generation 
of novel ORFs was precluded by engineering 
translational stop codons in all appropriate reading 
frames. The derived recombinant, ALVAC-RG 
(vCP65), was confirmed to contain the rabies G 
expression cassette in the correct C5 locus by Southern 
blot analysis, PCR analysis, and nucleotide sequence 
analysis (data not presented). Further, expression 
analyses by immunofluorescence and immuno- 
precipitation using a rabies G glycoprotein-specific 
monoclonal antibody confirmed the expression of the 66 
kDa rabies glycoprotein on the surface of ALVAC-RG 
infected cells. 

In vitro studies 

Analysis of expression of the rabies G gene in avian and 
human derived celb. Prior results have indicated that 
ALVAC and derived recombinants do not productively 
replicate in a range of non-avian cell lines, including 
those derived from monkey, mouse, cat and human 18 
(unpublished results). Additionally, in a similar study to 
that described in Taylor et al 1 attempts to adapt 
ALVAC and ALVAC-RG (vCP65) to grow in two non- 
avian cell lines (MRC-5 and VERO) have failed 35 . Blind 
passages of both ALVAC and ALVAC-RG were 
performed in VERO, MRC-5 and primary CEF 
monolayers for 8 or 10 sequential passages of 7 days 
duration. While a 100-fold increase in viral titer was 
apparent in CEF cells after each passage in the series, 
after one passage in mammalian cells, the viral titer was 
lower than the residual input titer and titers, fell below 
the level of detectability after two passages 23 . 

In order to establish that in the absence of productive 
viral replication the rabies glycoprotein (G) was 
expressed in the human derived cell lines, 
immunoprecipitation experiments were performed. The 
results of a representative analysis are shown in Figure 
I. No specific immunoprecipitation products were 
detected in lysates derived from uninfected cells (lanes a, 
d and g) or cells infected with the parental ALVAC 
virus (lanes b, e and h). Immunoprecipitation of a 66 
kDa protein by the rabies-specific monoclonal antibody 
was apparent from lysates derived from ALVAC-RG 



infected CEF, HNK and HEL cells (Figure A lanes c, f 
and i, respectively). This size is consistent with that 
described for SDS-PAGE of the rabies glycoprotein 

In order to determine whether expression of the rabies 
G gene product would be maintained in human derived 
cells inoculated with ALVAC-RG (vCP65) in the 
absence of productive replication, a time course study 
was performed as described in Materials and Methods. 
Immunoprecipitation of the rabies G is shown in 
Figures 2a (CEF cells) and 2b (MRC-5 cells). 
Expression of the rabies G in both CEF and MRC-5 
cells occurs as early as I h post-infection and continues 
undiminished under the control of the early/late H6 
promoter throughout the labelling period of 24 h. 

Analysis of viral specific DNA accumulation in human 
derived cells inoculated with ALVAC-RG (vCF65), In 
order to assess the temporal nature of the block in viral 
replication in human derived cells, the following 
experiment was performed. Permissive CEF cells and 
the six human derived cell lines were inoculated with 
ALVAC parental virus at an MOI of 5 pfu per cell in 
the presence or absence of AraC, an inhibitor of DNA 
replication, and the level of virus specific DNA 
accumulated at 72 h was assessed as described in 
Materials and Methods. Figure 3 illustrates analysis of 
CEF, WISH and DETROIT 532 cells. In the permissive 
cell line, CEF (Figure 3; Panel B), no viral-specific DNA 
is seen in lane Bl (uninfected CEF cells), lane B2 
(ALVAC-infected CEF cells at / c ) or lane B4 ALVAC 
infected CEF cells at 72 h post-infection in the presence 
of AraC). Viral specific DNA accumulation represented 
by a band at approximately 330 kbp is evident in 
ALVAC infected CEF cells incubated for 72 h in the 
absence of AraC (lane B3). No such accumulation is 
seen in the equivalent sample of ALVAC infected 
DETROIT-532 (lane A3) or WISH (lane C3) cells. 
Similar results were observed on analysis of ALVAC 
specific DNA accumulation in MRC-5, HEL, HNK and 
JT-I infected cells (results not shown). Based on the 
conditions employed in these studies, the sensitivity of 
detection was determined as £125 genome equivalents. 
In further experiments, 3 H-thymidine incorporation into 
ALVAC-infected MRC-5 and CEF cells was monitored. 
These experiments indicated that while an increase in 
3 H-thymidine incorporation occurred in CEF cells 



following infection with ALVAC, in MRC-5 cells, 3 H- 
thyimdine incorporation did not rise above basal levels 
(results not shown). The results indicate that under these 
conditions, no detectable ALVAC-specific DNA 
accumulation occurred in the human cell substrates and 
suggest that replication of ALVAC in these human cells 
is blocked prior to viral DNA synthesis. 

/n mo safety studies with ALVAC-RG (vCP65) 

Inoculation of laboratory animals. Previous experi- 
ments with CPV and FPV based recombinants in 
numerous species including mice, rabbits, rats, guinea 
pigs, cats, dogs, horses, cattle, and swine had 
demonstrated no adverse reactions upon inoculation by 
a variety of routes. It was important, however, to 
examine more stringently the safety profile of an 
ALVAC-based recombinant in mammalian species. 

In a series of experiments described in Materials and 
Methods and Table 7, mice, guinea pigs and rabbits 
were inoculated with- ALVAC-RG by a variety of routes 



and reactivity monitored. The results indicated that no 
reactivity was evident in any species following 
inoculation by the subcutaneous route. Similarly, there 
was no evidence of neurovirulence apparent in mice or 
rabbits inoculated with approximately 6.0 log l0 TCID^© 
of ALVAC-RG by the intracranial route. Ten rabbits 
inoculated in this manner showed no local or systemic 
adverse reactivities, exhibited normal weight gain and 
no lesions were found in the brain. In mice, in which 
histopathology was performed, there was no indication 
of encephalopathy caused by ALVAC-RG (vCP65) in 
the sections observed. Only very high doses of ALVAC 
were found to be lethal by i.e. inoculation in young 
adult or newborn mice further suggesting the lack of 
neurovirulence of the ALVAC virus 18 . 

After inoculation by the i.d. route, reactions were 
evident at the site of inoculation in mice, guinea pigs, 
and rabbits. In mice, the reactions consisted of small 
necroses, a few millimeters in diameter,. at the site of 
inoculation. These were evident by 1 day post- 




Figure 1 tmmunoprecipttation analysis of expression of the rabies glycoprotein in avian and non-avian cells Inoculated with ALVAC-RG 
(vCP65). Dishes of each cell line were inoculated at an input multiplicity of 10 p.f.uJcell with ALVAC or ALVAC-RG in me presence of ~-S 
methionine as described In Rel. 18, Lanes a, d, g, uninfected cells; lanes b. e and h, ALVAC infected cells; lanes c f and I, ALVAC-RG (vCP65) 
Infected cells. Lanes a, b and c, CEF cells; lanes d, e and f , HNK cells; lanes g, h and I. HEL cells- Molecular weight markers are shown to the 
left of lane a and Indicate migration distances for standard proteins with molecular weights (from the top) of 200, 97.4, 68, 43, 29, 18.4 and 14.3 
kOa 
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Figure 2 Tims course of analysis of expression of the rabies G protein In avian and human-derived cells inoculated with ALVAC-RG. Dishes 
of CEF or MRC-5 cells were inoculated at an Input multiplicity of 10 p.f.u. per cell with ALVAC or ALVAC-RG and labelled for 1 h with ^S- 
methionine at appropriate times as described In Materials and Methods. Immunopredpitation was performed as described previously 15 . Figure 
2a illustrates analysis of CEF cetts and 2b illustrates analysis of MRC-5 cells. U denotes an uninfected control cell rysate, ALVAC or ALVAC-RG 
Indicates celts were Infected with ALVAC parental virus or ALVAC-RG, respectively. Figures at the top of each lane indicate time of the labelling 
period in hours post-infection. Molecular weight markers are shown at the right of each figure (a and b) for migration of standard proteins as 
described In the legend to Figure 1 



inoculation persisting approximately 7 days. In guinea 
pigs, triere was a more inflammatory reaction which 
consisted of erythema; then a small pustule followed by 
necrosis. In rabbits, an inflammatory reaction was also 
sfeen which progressed to a small pustule with necrotic 
patches. In both guinea pigs and rabbits the dermal 
lesions were resolved by 21 days post-inoculation. In a 
similar experiment, serial dilutions of ALVAC-RG 
(vCP65) and KANAPOX, the original vaccinal strain of 
canarypox from which ALVAC was derived, were 
inoculated by the i.d. route into rabbits and the 
reactogenicity assessed. Both ALVAC-RG (vCP65) and 
Kanapox induced some erythema and edema with slight 
necrosis at the inoculation site indicating the 
reactogenicity was similar with the parental strain and 
ALVAC-RG recombinant virus. The reactivity was dose 
related being most pronounced with the undiluted 
preparation which contained 6.2 log, 0 TCID*> per ml. It 
should be noted that viral preparations used in these 
experiments were not gradient purified and the presence 



of cellular components may have contributed to the 
reactogenicity seen following injection by the i.d. 
route. 

Inoculation of canary birds with ALVAC-RG In order 
to confirm that the virulence of the parental strain had 
not been altered by deletion of the C5 ORF and 
insertion of a heterologous coding sequence (the rabies 
G gene), reactogenicity of Kanapox and ALVAC-RG 
(vCP65) was compared in canary birds. No deaths 
occurred in any of the birds and body weights varied 
within physiological limits throughout the experimental 
period. One bird in each group inoculated with 5.0 log lo 
p.f.u. of ALVAC-RG or Kanapox showed mild 
inflammation at the application site during the second 
week post-inoculation with redness and some swelling. 
All birds inoculated with 7.0 log 10 p.f.u. of either virus 
developed a typical pox-like take on day 5 with 
inflammation, swelling, a small pock, and in one bird 
inoculated with ALVAC-RG (vCP65), a patch of 
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Figure 3 Analyses of viral-specific DNA accumulation tn avian and human derived ceO lines inoculated with ALVAC. Dishes of each cell Dne 
were inoculated and processed as descrtoed in Materials and Methods. Panel A, DETROIT 532 cells; Panel B. CEF cells. Panel G. WISH ceils. 
In each panel, lane 1 represents uninocidated ceOs. lane 2 represents ALVAC-infected cells harvested at zero time, lane 3 represents ALVAC- 
infected celts harvested at 72 h and lane 4 represents ALVAC-infected cells incubated in the presence of 40 //g ml" of AraC and harvested at 
72 h 
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Figure 4 Analysis of virus isolation from skin of canaries and mice 
inoculated with ALVAC-RG. Mfce and canaries were inoculated with 
ALVAC-RG by the Id. route as -described In Materials and Methods. 
At time intervals after inoculation animals and birds were sacrificed 
and the skin surrounding the site of inoculation was dissected, 
homogenized and assayed for the presence of infectious virus by 
titration on QT35 cells 



necrosis. All lesions remained localized and were 
resolved by 21 days post-inoculation. 

A further experiment was performed to follow the 
fate of inoculated virus in canary birds and in mice. 
Mice were inoculated by the i.d. route in the ear pinna 
and canary birds by smearing virus onto an area of skin 
on the back of the bird from which feathers had been 
plucked. The results of virus isolation from the area of 
inoculation are shown in Figure 4. The results indicate 
that in canary birds, there was an initial eclipse phase of 
2 days after which an increase in infectious virus was 
observed for up to 7 days. Viral recovery then declined 
and after 14 days no virus was detected. In contrast, 
from day 0 the amount of virus recovered from mice 
progressively declined until reaching the limit of 
detection (20 p.f.u. per sample) on day 10 after 
inoculation. 

In vivo studies: inoculation of non-human primates 

Safety and immunogenicity in squirrel monkeys. Three 
groups of four squirrel monkeys {Saimiri sciureus) were 
inoculated as described in MATERIALS AND 
METHODS and Table 2, and monitored for 
reactpgenicity as well as immune response. Animals 
received either ALVAC parental virus (animal Nos 22, 
51, 36, and 52), ALVAC-RG (vCP65 animal) (Nos 37, 
53, 38, and 54) or a canarypox recombinant expressing 
an Env gene product derived from an endogenous FeLV 
provirus (animal Nos 39, 55, 40, and 56). The initial 
inoculation was performed by ocular, oral and i.d. 
routes. No reactions were seen following inoculation of 
the three viruses except for minor skin lesions following 
i.d. inoculation of approximately 7.0 log, 0 p.f.u. Both 
body weight and temperature of all animals remained 
within normal limits. Virus isolation from ocular fluid, 
saliva and the site of i.d. inoculation was attempted for 
1 1 days post-inoculation. Virus recovery was achievable 
from the inoculation site for 2 (676 animals) to 4 days 
(2/6 animals) following the i.d. administration of 7.0 
logi« P-f.u. but not 5.0 log lo p.f.u. of all viruses. Virus 
was not recoverable from eye secretions or saliva at any 
timepoint (results not shown). 



Analysis of post-inoculation sera by ELISA indicated 
that all animals inoculated with either ALVAC or an 
ALVAC-based recombinant developed a serological 
response to ALVAC (results not shown). All four 
animals inoculated with ALVAC-RG (vCP65) (animal 
Nos 37, 53, 38, and 54) developed rabies virus 
neutralizing antibody {Table J), the level of which at 28 
days was well above that considered to be a satisfactory 
response to rabies vaccination. It should be noted that 

0. 5 Internationa] Units, or a titer of approximately 1:16 
is considered by the WHO to be the acceptable minimal 
response to rabies vaccination 37 . Six months after the 
primary inoculation, four monkeys which received 
ALVAC-RG (vCP65) (37, 53, 38, and 54), two monkeys 
which received ALVAC (22, 51), two monkeys which 
received an ALVAC recombinant expressing the FeLV 
env gene (39, 55), and one naive monkey (57) were 
inoculated with 6.5 log,o p.f.u. of ALVAC-RG (vCP65) 
by the s.c. route to monitor the immune response in the 
face of pre-existing ALVAC immunity. There were no 
adverse reactions to re-inoculation in any of the 
animals. At 28 weeks all previously inoculated animals 
showed some low level of canarypox ELISA antibody 
which was boosted 3-7 days after reinoculation (results 
not shown). Assessment of levels of anti-rabies antibody 
in sera of these animals is shown in Table 5. The four 
animals with prior exposure to ALVAC (22 and 51) or 
ALVAC-FeLV (39 and 55) and the naive animal (57) 
mounted a primary response with rabies virus 
neutralizing antibody present 7-11 days post- 
inoculation. Significantly, the four monkeys with prior 
exposure to ALVAC-RG (vCP65) showed an 
anamnestic response by 7 days post-inoculation. 

Safety and immunogenicity in Rhesus macaques 

Two macaques were initially inoculated with 
ALVAC-RG as described in Table 2 by the sx. route. 
No local or systemic adverse reactions to inoculation 
were noted. After 100 days, these animals were 
reinoculated by the s.c. route and an additional six 
animals were inoculated with a range of doses by the 

1. ro, or s.c. routes. Sera of animals were monitored for 
the presence of anti-rabies neutralizing antibody in the 
RFFIT-test 24 and results are shown in Table 4. Animals 
177 and 186 receiving ALVAC-RG (vCP65) by the s.c. 
route developed rabies virus neutralizing antibody 
detectable at 11 days post primary inoculation. Levels of 
antibody above the minimal acceptable level 27 were still 
present at 3 months when animals were re-inoculated 
and both animals responded with an increase in titer. 
Equivalent responses were obtained by either the s.c. or 
i.m. routes with a dose of either 7.0 or 6.0 log, 0 p.f.u. At 
a dose of 5.0 log IO p.f.u. only one animal (180) 
responded by the s.c. route. 

Safety and immunogenicity studies in chimpanzees 

Two chimpanzees were inoculated by the i.m. (animal 
431) or s.c. (animal 457) routes with 7.0 log lo p.f.u. of 
ALVAC-RG (vCP65). At 12 weeks, both animals were 
re-inoculated in an identical manner. No local or 
systemic adverse reactions to inoculation were noted in 
either animal. Serological results are shown in Table 5. 
Both chimpanzees responded with the induction of 



Table 3 Response of squirrel monkeys with prior exposure to ALVAC or ALVAC-based recombinants to inoculation with ALVAC-RG 



RFFTT titer at day post-inoculation - 



Animal number 


First inoa 


0 


7 


28 


180" 


187 


201 


22 


ALVAC 


— 


— : 


— 


<16 


<16 


200 


51 


ALVAC 
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— 


<16 


50 


158 


39 


ALVAC- 
FL 


— 
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<16 


50 
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55 
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FL 


_ 







<16 


50 
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37* 


ALVAC- 


•<16 


<16 


1000 


<16 


1580 


3160 


RG 












3980 


53° 


ALVAC- 


<16 


15 


158 


<16 


3980 


RG 














38" 


ALVAC- 
RG 


<16 


316 


. 1000 


<50 


1580 


3980 


54 c 


ALVAC- 


<16 


250 


1580 


<50 


3980 


10000 


RG 














57 


None 








<16 


50 


500 



"Sera tested In an RFFI Test (Ref. 24). Titer expressed as eciprocal of the highest dilution showing complete inhibition of fluorescence. 

'Animals 37 and 53 were inoculated with 5.0 log 1Q p.f.u. as described in Table 2 

c Anlmals 38 and 54 were inoculated with 7.0 log i0 P-tu. as descrtoed in Table 2 

"At day 180, all animals were Inoculated with 6.5 log 1D p.f.u. of ALVAC-RG by the subcutaneous route 



rabies virus neutralizing antibody at 2-4 weeks post- 
inoculation and antibody titers were significantly 
boosted after the second inoculation at 12 weeks. 



DISCUSSION 

The studies described in this communication were 
conceived to evaluate, in some detail, the biological and 
immunological properties of ALVAC and derivative 
recombinants in non-avian species. The results provide a 
safety profile for the ALVAC vaccine vector and 



illustrate the utility of ALVAC as a general 
immunization vehicle in non-avian species. 

Failure to demonstrate replication of ALVAC or 
ALVAC-based recombinants has been demonstrated on 
tissue culture cells of murine and feline origin 
(unpublished data). Further, no evidence for viral 
replication has been obtained following inoculation of 
ALVAC on a variety of human or monkey-derived 
tissue culture systems' 8 and the inability to adapt the 
virus to growth on human or monkey-derived cell lines 
has been confirmed by serial blind passage of both 
ALVAC and ALVAC-RG (vCP65) 25 . 



Table 4 Serological response following inoculation of Rhesus macaques w ith ALVAC-RG 

RFFIT titer at days post-inoculation 
Animal No. /dose Route 172° 0 6 11 35 99- 101 105 114 128 



177/77 
186/7.7 
178/7.0 
182/7.0 
179/6.0 
183/6.0 
180/5.0 
184/5.0 



S.C/S.C* 

s.c/sx. 

s.c. 

Lm. e 

S.C. 

i.m. 

S.C. 

im 



16" 
128 



32 
512 



64 
256 



32 
256 



512 
512 



512 256 

512 256 

64 64 

32 64 

64 32 

128 128 

32 32 



*Day of re-inoculation 
"Subcutaneous route 
Intramuscular route 

Titers expressed as reciprocal of last dilution showing inhibition of fluorescence in RFFI test 94 



Table 5 Serological response of chimpanzees to inoculation with ALVAC-RG 

RFFTT titer at weeks post-inoculation 



Animal No. /route 


0 


1 


2 


4 


8 


12* 


13 


15 


20 


26 


431/i.m. 


<8* 


<8 


8 


16 


16 


16 


128 


256 


64 


32 


457/s.c. 


<8 


<8 


32 


32 


32 


8 


128 


512 


128 


128 



Animals were inoculated with 7.0 log 1G p.f.u. of ALVAC-RG by the indicated route and re-inoculated In the same manner 12 weeks later 
Time of reinooulation 

Titer expressed as reciprocal of last dilution showing Inhibition of fluorescence In an RFFI test 94 



On human-derived cell cultures, no accumulation of 
ALVAC-specific yiratl DNA was demonstrated 
suggesting that the block to viral replication in these cell 
substrates occurs early in the replication cycle prior to 
viral DNA replication. Similar analyses performed with 
ALVAC-infected VERO cells have demonstrated low, 
but detectable, levels of accumulated ALVAC-specific 
DNA (data not shown). Somogyi et aL 28 have recently 
shown that in MRC-5 cells infected with fowlpox virus, 
both viral DNA replication and some late viral protein 
synthesis can be detected, albeit at reduced levels. The 
block in avipox productive replication in mammalian 
cells may vary, not only for different cell types, but also 
for the different avipox viruses. While the details of the 
molecular events responsible for the block to viral 
replication in non-avian species remain to be elucidated, 
it is significant that the expression of at least some 
avipox virus genes, and of appropriately regulated 
extrinsic immunogens, occurs in all non-avian tissue 
cultures tested. Additionally, when the time course of 
expression of the rabies G gene was monitored in these 
cells, it was evident that expression could be detected 
continuously from 1 to 25 h post-infection when the 
experiment was terminated (figure 2). 

Previous in vivo studies in a variety of species 
including mice, cats, and dogs 2 * 3 had shown no 
reactogenicity following inoculation of a CPV 
recombinant. A number of laboratory animals were 
inoculated with ALVAC or ALVAC-RG (vCP65) to 
extend these results. Safety studies performed in 
laboratory animals via the s.c. and i.m. routes indicated 
no reactogenicity. Similarly, inoculation of mice and 
rabbits by the i.e. route showed no evidence of 
neurovirulence. This is also supported by data of LDso 
values by Lc. inoculation of young or newborn mice 18 . 
Further, no adverse reactions have been observed upon 
inoculation of immunodeficient mice 18 . 

Inoculation of rabbits with high doses of CPV by the 
i.d. route resulted in the formation of poxvirus-like 
lesions. In related experiments not reported here, lesions 
were induced on rabbits by i.d. inoculation of 8.0 log lo 
p.f.u. of ALVAC. When the dose was reduced to 7.0 
and 6.0 log, 0 p.f.u., minimal reactogenicity was 
apparent. Similarly, skin lesions were evident at the site 
of i.d. inoculation of ALVAC and derived recombinants 
in squirrel monkeys but only sporadic virus recovery 
was possible through 4 days post inoculation. The 
formation of a lesion at the site of i.d. inoculation may 
be a cytotoxic phenomenon due to expression of early 
viral functions or may be linked to the presence of 
cellular components in the inoculum. Reactogenicity by 
the i.d. route was not related to altered pathogenicity 
following insertion of a foreign gene since an equivalent 
effect was seen with the parental canarypox vaccine 
strain, Kanapox. 

Three non-human primate species were inoculated 
with ALVAC-RG (vCP65) to monitor safety and 
immunogenicity. No adverse signs of infection or 
disease were seen in the squirrel monkeys, macaques, or 
chimpanzees following inoculation by a variety of 
routes. All three species responded with significant levels 
of rabies virus neutralizing antibody which were 
boosted after a second inoculation. Significantly, 
squirrel monkeys with a history of prior exposure to 
CPV or CPV recombinants did not show a diminution 
of response when inoculated with ALVAC-RG 



(vCP65). These monkeys have since been inoculated 
with a third ALVAC recombinant expressing the 
measles virus fusion and hemagglutinin glycoproteins 
and have responded with protective levels of measles 
virus HI antibody comparable to that induced in naive 
animals (unpublished data). These results indicate that 
prior exposure to ALVAC recombinants should not 
preclude subsequent vaccinations with a novel ALVAC 
recombinant. In addition, it should be noted that four 
of the monkeys (22, 37, 38 and 39) had also received 
vaccinia virus three months before inoculation with 
ALVAC or ALVAC-based recombinants. The fact that 
the rabies-specific immune response was not diminished 
in these animals may indicate that in humans, prior 
immunity to vaccinia virus may not limit use of an 
ALVAC-based recombinant vaccine. The concept of 
using a non-replicating vector system in humans has 
been demonstrated in Phase 1 clinical trials with the 
ALVAC-RG (vCP65) recombinant virus. Volunteers 
inoculated with ALVAC-RG (vCP65) demonstrated 
significant immune responses to the extrinsic 
immunogen in the absence of unacceptable local or 
systemic reactions to vaccination 10 * 11 . 

Practical issues of utilizing ALVAC-based 
recombinants for specific veterinary applications have 
been addressed in the target species. In a duration of 
immunity study, dogs inoculated with a single dose (6.7 
log lo TCIDjo) of ALVAC-RG (vCP65) were protected 
against a lethal challenge with rabies virus at 36 months 
post-inoculation (manuscript in preparation). Other 
unpublished studies have provided evidence that these 
vector systems may be useful in the presence of 
maternally derived antibodies (manuscript in 
preparation). The safety and immunogenicity profile of 
ALVAC-based recombinants suggests a strong potential 
for ALVAC as a generic immunization vehicle in other 
veterinary as well as human applications. 
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expressing different HIV and SIV gene products including 
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reagents for the generation of viral-specific immune 
responses. 
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RECOMBINANT ATTENUATED ALVAC bination between homologous pox DNA in the plasmid and 

CANARYPOXVIRUS EXPRESSION the viral genome respectively gives a poxvirus modified by 

VECTORS CONTAINING HETEROLOGOUS the presence, in a nonessential region of its genome, of 

DNA SEGMENTS ENCODING LENTTVTRAL foreign DNA sequences. The term "foreign" DNA desig- 

GENE PRODUCTS 5 nates exogenous DNA. particularly DNA from a non-pox 

source, that codes for gene products not ordinarily produced 

CROSS-REFERENCE TO RELATED by the genome into which (he exogenous DNA is placed. 

APPLICATIONS Genetic recombination is in general the exchange of 

Tins appUcation is a continuation of application Ser. No. in homologous sections of DNA between two strands of DNA. 

CT7/8973^nled Jun. 11, 1992 now abandoned, which in 10 " <^ viruses RNA may: replace DNA. ^mologous 

turn is a continuation-in-part of application Ser. No. 07^715, ^*?™? ac *** T^f^iP^ 

921. filed Jun. 14, 199Lnow abandW. AppUcation Ser. **** »*« *»* ^ ncc of nudcotldc 

No. 07/897382 is also a continuation-in-part of copending Genetic recombination may take place naturally during 

application Ser. No. 07/847.951. filed Mar. 6. 1992. also the replication or manufacture of new viral genomes within 

incorporated herein by reference appUcation Ser. No. the infected host cell. Thus, genetic recombination between 

07/847.951 is a continuation-in-part of application Ser. No. viral genes may occur during the viral replication cycle that 

07/713,967. filed Jun. 11, 1991, which in turn is a takes place in a host cell which is co-infected with two or 

continuation-in-part of application Ser. No. 07/666.056. more different viruses or other genetic constructs. A section 

filed Mar. 7, 1991. of DNA from a first genome is used interchangeably in 

20 constructing the section of the genome of a second 

FIELD OF THE INVENTION co-infecting virus in which the DNA is homologous with 

_ ... ... . that of the first viral genome. 

The present invention relates to a modified poxvirus and „ _ . . . . , . _ 

to methods of making and using the same. More in H°wev^ re^natoon can pta "^^ n 

particular, the invents relates to recombinant poxvirus. 25 f^T ofDI ^»» ^tT J^™^™^,*^^ 

vZTrirus expresses gene products of an immunoden- ho^agou^ J one such secuo. is from a firstj genome 

dency vims gene, and toimrmmogenic compositions which honxJogous with asertion of anotoer genome except for the 

induce an immunological re S po^agam7immunoddi- P**"* 5 wltfun ^ < ^. se ^ on <* f «j «an»k. a genehc 

dency vims infections^ adrnMst^d to a host ?»■*» » a ^. C °^ f ^ M 1 ^^? etm ^ 

J . _ inserted into a portion of the homologous DNA, recornbi- 

Sevcral publications are referenced in this application. 30 can still take place and the products of that recom- 

Full citation to these references is found at the end of the „ mcn by ^ jareseni* of trot genetic 

specification preceding the claims. These references or gene in the recoinhuiant viral genome, 

describe (he state-of-the-art to which this invention pertains. n , t . - . . - 

1 Successful expression of the inserted DNA genetic 

BACKGROUND OF THE INVENTION 35 sequence by the modified infectious virus requires two 

conditions. First, the insertion must be into a nonessential 

Vaccinia virus and more recently other poxviruses have region of the virus in order mat the modified virus remain 

been used for the insertion and expression of foreign genes. viable. The second condition for expression of inserted DNA 

Hie basic technique of inserting foreign genes into Eve is the presence of a promoter in the proper relationship to the 

infectious poxvirus involves recombination between pox ^ inserted DNA. The promoter must be placed so that it is 

DNA sequences flanking a foreign genetic element in a located upstream from the DNA sequence to be expressed, 

donor plasmid and homologous sequences present in the In recent years much attention within the field of medical 

rescuing poxvirus (Hccmi et aL. 1987). virology has been focused on the escalating incidence of 

Specifically, the recombinant poxviruses are constructed acquired irnrnunodeflciency syndrome (AIDS) caused by 

in two steps known in the art and analogous to the methods 45 human immunodeficiency virus (HIV). HTV-1 is a member 

for creating synthetic recombinants of the vaccinia virus of the virus family, Retroviridae. and more specifically of the 

described in US. Pat. Nos. 5.1UL587, 4.769330, 4.722.848 Lentfvirus subfamily. This viral system along with other 

and 4.603.112. the disclosures of which are incorporated related viruses such as HIV-2 and simian inummodefidency 

herein by reference. In this regard, reference is also made to virus (SIV) have been scrutinized with respect to their 

copending VS. applications Ser. Nos. 881, 995 filed May 4. ^ molecular biology, irnmunology. and pathogenesis in an 

1992 and 537.890, filed Jun. 14. 1990. also mcorporated effort to develop safe and efficacious vaccines and antiviral 

herein by reference. therapies. Two major obstacles, however, have haunted the 

First, the DNA gene sequence to be inserted into the virus. design of HIV vaccine candidates. For one. there exists 
particularly an open reading frame from a non-pox source. considerable sequence heterogeneity among HIV isolates, 
is placed into an £ coti plasmid construct into which DNA 55 and secondly, there exists a lack of information r>ertaming to 
homologous to a section of DNA of the poxvirus has been protective immunity. Infected mdrviduals develop antibody 
inserted. Separately, the DNA gene sequence to be inserted (Starcich et aL. 1986; Weiss et aL, 1985) and CD8*-T cell 
is ligated to a promoter. The promoter-gene linkage is (Walker et aU 1987; Rata et aL. 1987) responses to HTV but 
positioned in the plasmid construct so that the promoter- are not protected since they eventually develop AIDS, 
gene linkage is flanfrrd on both ends by DNA homologous g) Vaccinia virus has been used extensively to express a 
to a DNA sequence flanking a region of pox DNA containing number of HTV gene products to investigate their 
a nonessential locus. The resulting plasmid construct is then biochemical, functional and immunological properties, par- 
amplified by growth within £ coti bacteria (QewelL 1972) ticularJy cell-mediated responses. Using these specific 
and isolated (Qewell et aL. 1969; Maniatis et aL. 1986). reagents, cell-mediated cytotoxic activities have been dem- 

Second. the isolated plasmid containing the DNA gene 65 onstrated in seropositive individuals towards the envelope 

sequence to be inserted is fransfected into a cell culture, eg, (Riviere et aL, 1989; Walker et aL. 1987; Koup et aL. 1989). 

chick embryo fibroblasts .'along with the poxvirus. Recom- core proteins (gag) (Riviere et at. 1989; Koup et aL. 1989. 
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Nixon et aL, 1988) pol (Walker et aL, 1989; Walker et aL. like particles budding from the plasma membrane and 

1988) * and the nef (Riviere et aL. 1989) gene products. extracellular forms which were indistinguishable from par- 
Additionally. vaccinia virus recombinants containing HTV tides observed in HIV-1 infected cells. Biochemically, these 
genes have been shown to elicit both cell-mediated and particles are also similar to native HIV-1 particles, 
humoral immune responses in small laboratory animals 5 Moreover, rodents and chimpanzees inoculated with a vac- 
(Chakrabarti et aL. 1986; Hu et aL. 1986; Rautman et aL, cinia virus-HIV gag recombinant generated both humoral 
1989; Michel et aL, 1988). macaques (Zariing et aL, 1986). and cell-mediated immune responses to the HIV-1 core 
chimpanzees (Hu et aL. 1987) and. significantly, humans antigens (Hu et aL, 1990). 

(Zagury et aL. 1988; Koff et aL. 1989). To date, limited The co-expression of the HIV-1 envelope glycoprotein 
vaccination/protection studies in primates have been 10 with the «m» pmrmns in mammalian m4U hy vam'nla vinK 
reported with vaccinia vims recombinants expressing gene also resulted in the assembly and release of HTV-1 particles 
products from HIV and related viruses. (Haffar et aL. 1990). These typical type C-retrovirus par- 
Vaccination of primates with a recombinant vaccinia vims ticks contained both the envelope glycoproteins (gpl20 and 
expressing the envelope glycoprotein from AIDS-causing gp41) and the gag proteins (p24. pl7. p55. and p39). These 
retroviruses have elicited humoral and cell-mediated 15 proteins were also described as being present in these 
immune responses and. more significantly, have protected recombinant-made particles in the same ratio as observed in 
against HIV infection (Zagury et aL 1988; Hu et aL, 1989). HIV-1 virions. The production of these non-infectious HIV 
In the results described by Hu et aL. a vaccinia virus particles either in purified form or synthesized in a vaccinee 
recombinant expressing the envelope glycoprotein from upon inoculation with a multivalent vaccinia virus recom- 
simian AIDS retrovirus (SRV-2) was used to vaccinate 20 binant may provide valuable "whole-virus" vaccinating 
pig-tailed macaques (Macaco nemestrina). All immunized agents against HIV. This is especially appealing since pro- 
animals developed both SRV-specific cell-mediated and tection against the lentivirus. SIV, has been demonstrated 
humoral immune responses, including neutralizing antibod- using whole inactivated virus preparations (Murphy-Corb et 
ies and antibodies which mediate ADCC towards SRV-2 aL, 1989; Derosiers et aL. 1989). 

infected cells. Animals were challenged intravenously with 25 The above reviewed examples demonstrate the potential 
5xl(P TCn>5o of SRV-2/W. 71k: challenged control animals use ^ vaccinia virus recombinants expressing HIV antigens 
(non-vaccinated) became viremic by two weeks post- to induce pertinent immunological responses necessary for 
challenge and those that did not seroconvert died by seven protection. A major concern, however, about me use of live 
weeks post-challenge. Significantly, all of the challenged viral vaccines is the issue of safety. Rare complications from 
animals which were previously inoculated with the vaccinia 30 immunization with vaccinia virus have been documented, 
viius-env recombinant remained healthy, virus-free and particularly in iirmiunocQmpromised individuals, and have 
seropositive exclusively against the envelope antigen. raised some objections for their acceptance as vaccine 
In a pilot experiment in humans. HIV seronegative indi- candidates (BehbehanL 1983; Lane et aL. 1969). Recently, 
viduals were vaccinated with a vaccinia virus/HIV- 1 enve- however, significant strides have been made in understand- 
toperecombmaiitTmsprim^ resulted in weak 35 ing viral virulence factors with the hope of modilyiiig strains 
immunological responses (Zagury et aL. 1988). These pri- for use as immunization vehicles fTartagha et aL. 1990). 
mary responses were subsequently boosted with various with more relevance to the development of vaccinia virus- 
protocols. The use of an intravenous injection of based HIV vaccine mmtiriatre for the irnnwrcprophylaxis 
parafonnaldehyde-fixed autologous cells infected in vitro and immunotherapy of AIDS, the genes responsible for the 
with the vaccinia virus-HIV recom binant , however, pro- 40 productive replication of vaccinia virus in human cell sys- 
vided the most significant booster effect With this immu- terns have been identified (Gillard et aL, 1986; Perkus et aL. 
nization protocol, anamnestic immune responses were 1990). Potential use of vaccinia virus vectors devoid of these 
achieved against the envelope antigen consisting of group- genes provide a non-replicating vector vaccine candidate 
specific neutralizing antibodies, cytotoxic T-ryinphocytes that may present appropriate HIV antigens in a fashion that 
and delayed-type hypersensitivity (Zagury et aL. 1988). m 45 elicits a protective immune response, 
clinical uials performed in the United States using a recom- Another approach towards the generation of safe and 
binant vaccinia virus exrrasiiig the HIV env gene effective poxvirus based HIV vaccine candidates utilize 
le; Bristol-Meyers), individuals receiving the recombinant avipoxvirus vectors (Le. canarypexvirus and fowlpoxvirus) 
mounted T-cell proliferative responses to HIV (Koff et aL to express patinent my antigens. These viruses are natu- 

1989) . The intensity of these responses, however, was 50 rally host-restricted an^ ^ 

affected by prior exposure to vaccinia vims. Consequently. species. Therefore, there exists a built-in safety factor for 

individuals immune to vaccinia virus mounted a weak and their use in humans, particularly imnmrweonmromised indi- 

transient T-cell response whereas in iiidividuals not immune viduals. In this regard, mese viruses have been engineered to 

to vaccinia virus, a strong response was observed towards express the rabies G glycoprotein and have been demon- 

the HIV envelope antigen (reviewed by Koff et aL. 1989). 53 strated to protect various nonavian species from live rabies 

These results are encouraging and have provided evidence challenge (Taylor et aL. 1988a; 1991). 

that an iriirnune stated It can thiis be iir^recia^ 

exposure using a poxvmis-based mmmiuzation vehicle. deficiency virus recombinant poxvirus, and of an irnmuno- 

An mtriguing potential in terms of HIV-1 vaccinology is genie composition which induces an immunological 

provided by expression of the HIV-1 gag products by 60 response against immmiodeficiency virus infections when 

vaccinia vims either alone or in combination with the administered to a host, particularly a composition having 

envelope glycoprotein. Several laboratories have demon- enhanced safety, would be a highly desirable advance over 

strated that expression of gag or gag/pol sequences by mc cmrent state of technology. 

vaccinia virus results in the production of non-infectious A 

particles (Hu et aL. 1990; Shioda et aL 1990; Karacostas et 65 OBJECTS OF THE INVENTION 

aL. 1989). Analysis of these vaccinia virus recombinant It is therefore an object of this invention to provide 

infected cells by electron rnkroscopy revealed retrovirus- recombinant poxviruses, which viruses express gene prod- 
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ucts of an immunodeficiency virus, and to provide a method FIG* 8 shows the specificity of cytotoxic T lymphocyte 

of making such recombinant poxviruses. antigen receptor for the HIV II B hypervariable V3 loop of 

It is an additional object of this invention to provide for gpl20. but not for the V3 loop of HIV MN or SF2; 

the cloning and expression of iinmiinodeficiency virus cod- ™L 9 shows the antibody responses to HIV TUB gpl20 

ing sequences, particulaily human iinmunodeficiency virus * of mice immunized with vectors (NYVAC. ALVAQ or with 

(HIV) and simian immunodeficiency virus (SIV) coding vaccinia virus recombinant vP91l or canarypox recombi- 

sequences in a poxvirus vector. ^ m «pressing HIV-1 env (inverted triangle indi- 

It is another object of this invention to provide an immu- c^^ oi a6n^^on of second motion); 

nological compositioa having enhanced safety and which is ™- 10 &™ «fw* of the pytotoxic^ector 

capablTof inducing an inimunological response against 10 cells from the spleens of mice ^nunxzed with vCPl 12 to 

iimnunodeficiency virus infections when administered to a antft>odies against cytoto^T lymphocyte cell surface anu- 

3 gens Thy 1.2 and Lyt Z2\ and 

_ « . _^ j « c ^ _^ FIG. 11 shows percent cytotoxity versus in vitro stimu- 

These and other objects and advantages of the present . pnvir 

invention will become more readily apparent after consid- _ 

eration of the following. DETAILED DESCRIPTION OF THE 

INVENTION 

STATEMENT OF THE INVENTION A ^ understanding of the present invention and of its 

In one aspect, the present invention relates to a recombi- many advantages will be had from the following examples, 

nant poxvirus containing therein a DNA sequence from an x given by way of illustration. 

immunodeficiency virus, particularly HIV or SIV. in a In the Examples, the following methods and materials are 

nonessential region of the poxvirus genome. The poxvirus is employed. 

advantageously a vaccinia virus or an avipox virus, such as DNA Cloning and Synthesis 

fowlpox virus or canarypox virus. Plasmids were constructed, screened and grown by stan- 

According to the present invention, the recombinant pox- & dard procedures (Maniaus et at, 1982; Perkus et al.. 1985; 

virus expresses gene products of the foreign immunodefi- Piccini et al.. 1987). Restriction endonucleases were 

ciency vims gene, particularly an HIV or SIV gene. obtained from GTBCO/BRL. Gaithersburg. Md.; New 

In another aspect, the present invention relates to a B^ehnnger Man- 

. * : rt J37T«^ i--™™ ; n ~ u~<* nhcim Biochermcals. Indianapolis. lad. Klenow fragment of 

vaccine for int^g an uimiunok)gical response m a host p^yn^ wTobtain«l from BoehringerMan- 

animal inoculated with the vaccine, said vaccine including a ™* ~ . i . , « ^r^T^ , ~T. 

and a recombinant poxvirus containing. ^ ^ B 10 crKrru«ih. r^^c^o«uic^ and phage T4 

sential region thereof. DNA from 1Tirr^r*>dcfidency DNAhgase were obtained from New England Bioiabs. The 

virus, particularly HIV or SIV. He poxvirus used in the "T!.^^^^ VanOUS S " P ^"- 

vacdnelccording to the present invention is advantageously D . Sj ^^T^^" ^"r^fl^ 8 

a vact^vhTo; an avipTvirus. such as fowlpoxvirus i 35 Biosearch8750 or Ar^edBK>s>^erns 380B ™A *ynthe- 

canarypox virus sizer as previously described (Patois et aL, 1989). DNA 

canarypux. sequencing was performed by the dideoxy-chain termination 

BRIEF DESCRIPTION OF THE DRAWINGS method (Sanger et aL. 1977) using Sequenase (labor et aL. 

1987) as previously described (Guo et aL. 1989). DNA 

A better understanding of the present invention will be 40 amplification by polymerase chain reaction (PCR) for 

had by referring to the accompanying drawings, in which: sequence verification (Engelke et aU 1988) was performed 

FIG. 1 schematically shows a method for the construction using custom synthesized oligonucleotide primers and 

of plasmid pSD460 for deletion of mynudine kinase gene GeneAmp DNA amplification Reagent Kit (Berktn Elmer 

and generation of recombinant vaccinia virus vF410; Cetus.Norwaik. Conn.) in an automated Pcrkin Elmer Cetus 

FIG. 2 schematically shows a method for the construction DNA Thermal Cycler. Excess DNA sequences were deleted 

of plasmid pSD486 for deletion of hemorrhagic region and from plasmids by restriction eodonudease digestion fbl- 

generation of recombinant vaccinia virus vP553; lowed by limited digestion by BALX31 exonuclease and 

HG. 3 schematically shcrw 5 ameth^ for the constructioo m ^ cncsis (MaDd£cki 1986) usin S oUgonuclc - 

of plasmid pMP494A for deletion of ATI regkm and gen- ^V",,. JfB1 

_*. " r ... ■wiur+a so Cells, Virus, andlransfection 

eration of recombinant vaccinia virus vP618; K *ZT ««"»»-«~« 

A _ . „ . ' . The origins and conditions of cultivation of the Copen- 

FIG 4 sdie^adly show^method for the construction suXofvaccmia virus has been previously described 

of plasmid pSD467 for deletion of hemaggtafcnin gene and ^ ^ ^ 1989). Generation of recombinant virus by 
generation of recombin^ recombination, in situ hybridization of nitroceUulose filters 

FIG. 5 schematically shows a method for the construction 55 and screening for B-galactosidase activity are as previously 
of plasmid pMPCSKIA for deletion of gene cluster described (Pamcali et aL. 1982; Perkus et aL. 1989). 
IC7L-K1L] and generation of recombinant vaccinia virus The parental canarypox virus (Rentschler strain) is a 
vP804; vaccinal strain for canaries. The vaccine strain was obtained 

FIG. 6 schematically shows a method for the construction from a wild type isolate and attenuated through more than 
of plasmid pSD548 for deletion of large subunit ribonude- «o 200 serial passages on chick embryo fibroblasts. A master 
otide reductase and generation of recombinant vaccinia virus viral seed was subjected to four successive plaque purifica- 
vP866 (NYVAC); ttons under agar and one plaque clone was amplified through 

FIG. 7 shows the cytotoxic response of spleen cells of five additional passages after which the stock virus was used 
mice and immunized with vaccinia virus or canarypox virus as the parental virus in in vitro recombination tests. The 
vectors (NYVAC, ALVAC) or with vaccinia virus or canary- 63 plaque purified canarypox isolate is designated ALVAC 
pox virus recombinants expressing HTV HI B env (vP911. ALVAC was deposited under the terms of the Budapest 
vCP112); Treaty with the ATCC. accession number VR-2547. 
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The strain of fowlpox virus (FPV) designated FP-1 has spleens or pooled spleens from a single experimental group 

been described previously (Taylor et aL, 1988a). It is an were processed to single cell suspensions by a 1 minute 

attenuated vaccine strain useful in vaccination of day old cycle in a Stomacher blender. The spleen cell suspensions 

chickens. The parental virus strain Duvette was obtained in were washed several times in either Assay Medium or Stim 

France as a fcwlpox scale from a chicken. The virus was 5 Medium* as ap pro pri ate. The spleen cells were enumerated 

attenuated by approximately 50 serial passages in chicken by the use of a Coulter Counter or by trypan blue dye 

embryonated eggs followed by 25 passages on chicken exclusion using a hemacytometer and microscope, 

embryo fibroblast cells. The virus was subjected to four Sera 

successive plaque purifications. One plaque isolate was Mice were lightly anesthetized with ether and blood was 

further amplified in primary CEF cells and a stock virus, 10 collected from the retroorbital plexus. Blood from mice 

designated as TROVAC established. comprising an experimental group was pooled and allowed 

NYVAC. ALVAC and TROVAC viral vectors and their to dot The serum was collected and stored at -70° C until 

derivatives were propagated as described previously (Piccini use. 

et aL, 1987; Taylor et aL, 1988aJ>). Vero cells and chick In Vitro Stimulation for the Generation of Secondary Cyto- 

embryo fibroblasts (CEF) were propagated as described is toxic T lymphocytes (CTL) 

previously flaylor et aL. 1988a.b). P815 murine mastocy- The pooled spleen cells from the various experimental 

toma cells (H-2**) were obtained from ATCC (#TTB64) and groups (responders) were diluted to 5xl0 6 /ml in Stim 

maintained in Eagles MEM supplemented with 10% fetal Medium. The spleen cells from syngeneic, naive mice 

bovine serum CFBS and 100 IU/ml penicillin and 100 pg (stimulators) were diluted to lxlO 7 cells per ml and infected 

streptomycin per mL 20 for 1 hour in tissue culture medium containing 2% FBS at 

Mice 37° C with the appropriate poxvirus at an m.ox of 25 

Female BALB/cJ (H-2*) mice were purchased from The PFU/celL Following infection, the stimulator cells were 

Jackson Laboratories (Bar Harbor. Me.) and maintained on washed several times in Stim Medium and diluted to lxlO 6 

mouse chow and water ad Ubmun. All mice were used cells per ml with Stim Medium. Five mis of stimulator ceils 

between the ages of 6 and 15 weeks of age. 25 and 5 mis of responder cells were added to a 25 cm 3 tissue 

Media culture flask and incubated upright at 37° C, in 5% CQ 2 for 

Assay Medium for immunological assays was comprised 5 days. On the day of the assay, the spleen cells were washed 

of RPMI 1640 medium supplemented with 10% FBS. 4 mM several times in Assay Medium and counted on a hemacy- 

L-gtutamine. 20 mM HEPES (N-2-hydroxyethy^>iperaziDe- tometer in trypan blue with the use of a microscope. 

N-2-emanesulfonate). 5xlfJr*M 2-mercaptoethanol. 100 IU 30 Target Cell Preparation 

penicillin per mL and 100 ug/ml streptomycin. Stim Medium For poxvirus specific CTL activity, tissue culture cells 

was comprised of Eagle's Minimum Essential Medium were infected overnight by incubation at lxlO 7 cells per ml 

supplemented with 10% FBS. 4 mM I^glutamine. UT*M in tissue culture medium containing 2% FBS at an m.oS. of 

2-mercaptoethanoL 100 IU penicillin per mL and 100 ug 25 PFU/ceilfor 1 hour at 37° C Following incubaUon. the 

streptomycin per mi 35 cells were diluted to between 1-2x10* cells per ml with 

Radioimmunoprecipitation Analysis tissue culture medium contaimng 10% FBS and further 

Cell monolayers were infected at 10 FFU/cell in modified incubated at 37° G. in 5% C0 2 until use. For EDV specific 

Eagle's methicmne-free medium (MEM met-). At 2 hours CTL activity; tissue culture cells were incubated overnight 

post-infection, 20 uG/ml of j-mernkwrine were added in with 20 ug/ml of peptide HBX2 (American Biotechnologies. 

MEM (-met) containing 2% dialysed fetal bovine serum 40 Cambridge. Mass.). SF2 (American Biotechnologies. 

(Flow). Cells were harvested at 15 hrs post-infection by Cambridge. Mass.) or MN. (American Biotechnologies, 

resuspending them in lysis buffer (150 mM Nad 1 mM Cambridge. Mass.) corresponding to the V3 loop region of 

EDTA pH 8, 10 mM Tris-Hd (pH 7.4). 0.2 mgfml PMSF. gpl20 of fflV-1 isolates SF2. and MN. respectively. On 

1% NP40. 0.01% Na Azide) and 50 ul aprctinin. scraped into the day of the assay, the targets were washed several times 

eppendorf tubes and the lysate was clarified by spinning 20 45 by centrifagation in Assay Medium, After the final wash, the 

minutes at 4° C One third of the supernatant of a 60 mm cells were resuspended in approximately 100 uCi of 

diameter Petri dish was incubated with 1 ul normal human Na 2 91 Cr0 4 ( 5I Cr). Following incubation at 37° C for 1 hr. 

serum and 100 ul of protein A-Seraphose CU4B (SPA) the cells were washed at least 3 times in Assay Medium by 

(I1uuiiiacia)for2hour$atic<Hntein^ centrifugation. counted on a hemacytometer, and diluted to 

for 1 minute, the supernatant was incubated for 90 min at 4° so lxloVml in Assay Medium. 

C with immune sera specifically recognizing fflV-1. HIV-2, Cytotcxicity Assays 

or SIV proteins and 100 ul SPA. For primary CTL assays, freshly prepared spleen cells 

The pellet was washed four times with lysis buffer and were diluted with Assay Medium to lxlO 7 cells per mL For 

two times with lithium chloride/urea buffer (0.2M LKX 2M secondary CTL assays (following either in vivo inoculation 

urea. 10 mM Tris-HQ pH 8) and the precipitated proteins 55 or in vitro stimulation), the spleen cells were diluted to 

were dissolved in 60 ul lacmmli buffer (LaeramlL 1970). 2xl0 6 /ml in Assay Medium. One tenth ml of spleen cell 

After heating for 5 minutes at 100° C and spuming for 1 suspension was added to 51 Cr labelled target cells in the 

minute, proteins were resolved on a SDS 10% polyacryla- wells of a 96 well, round-bottom microtiter plate (EXP). In 

midc gel and fluorographed. most cases, the spleen cells bong assayed for primary CTL 

Inoculations 60 activity were further 2-fold diluted in the wells of the 

Mice were intravenously inoculated with 5xl0 7 plaque microtiter plate prior to the addition of the target cells. As a 

forming units (PFU) in 0.1 ml of phosphate-buffered saline measure of spontaneous release of 5l Or (SR). target cells 

via the lateral tail vein. were incubated in only Assay Medium. To determine the 

Spleen Cell Preparations inaximum release of 51 Cr (MAX), target cells were delib- 

Following euthanasia by cervical dislocation, the spleens 65 eratery lysed at the beguining of the assay by adding 0.1 ml 

of mice were asepticalry transferred to a sterile plastic bag of 10% sodium dodecyl sulfate to the appropriate wells. To 

containing Hank's Balanced Salt Solution. Individual initiate the assay, the microtiter plates were centxifuged at 
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200xg for 2 min and incubated for 4 or 5 hrs at 37° C. in was modified by die deletion of six nonessential regions of 

S% C0 2 . Following incubation, the culture supernatants of the genome encoding known or potential virulence factors, 

each well were collected using the Skatron Supernatant The sequential deletions are detailed below. All designations 

Cdledion System. Released 'Cr was determined by a c f vaccinia restriction fragments, open reading frames and 

Beckman 5500B gamma counter. The r»cent speafic cyto- 5 nudeotidc are based oa the terminology reported 

rSa*" UlC foUowm S inGoebeletaL(1990aJb). 

The deletion loci were also engineered as recipient loci 

* CYTOTOXICirY^-MAXXMAX-SRJxlOO for ^ of fareign geoe i 

Depletion of T Helper Cells and Cytotoxic T Lymphocytes The regions sequentially deleted in NYVAC are listed 

Using Monoclonal Anti-CD4 and Monoclonal Anti-CD8 bctow. Also listed are the abbreviations and open reading 

Sfcfeen cell suspensions were diluted to a density of f designations for the deleted regions (Goebcl et al . 

10 7 AnI in cytotoxicity medium (RPMI 1640 containing Voon.^ TTI a ■ « ™ 11 *™} uraa a 4U " 

0.2* BSA and 5 mM HEFES) containing a 1:5 duutioTof . 1990aJ)) and desi 8 natlon of mc vacanM rcoombmant 

anti-CIM (monoclonal antibody 172.4) or a 1:200 dilution of (vP) containing all deletions through the deletion specified: 

anti-CD8 (monoclonal antibody anti-lyt 2.2) and a 1:16 (i) mym inine kinase gene (TK; J2R) vP410; 

dilution of Cedar Lane Low-Tax rabbit complement. Appro- . . . , „„-, 

priate controls for the single component (complement (2) "«***«S« rc » on ^ B13R-fB14R) vP553; 

anti-CD4. anti-CD8) were included. ^ (3) A type inclusion body region (ATI; A26L) vP618; 

Anti-HIV-1 gpl60 ELBA 20 (4) honaggjutinin gene (HA; A56R) vP723; 

The wells of ELBA plates (Immulon H) were coated hnatnnam {rm irn ^ „m/vi. 

overnight at 4* C. with 100 ng of purified fflV-1 gpl60 <*> h0St ^ gCBC ^ (C7I ^ KlL) vP804; 

(Immuno) in carbonate buffer, pH 9.6. The plates were then < 6 > lar 8 e subunit ribonucleotide reductase (I4L) vP866 

washed with phosphate-buffered saline containing 0.05% „ (NYVAC). 

Iween 20 (FBST). The plates were then blocked for 2 hrs at As described in following Examples, any or any combi- 

37° C with FBST containing 1% bovine serum albumin nation of these regions can be a site either alone or in 

(BSA). After washing with FBST. sera were initially diluted combination with other sites for inserting exogenous DNA 

1:20 with FBST containing 0. 1% BSA (dilution buffer). The from an immunodeficiency virus, imiminodeficiency viruses 

sera were further 2-fold serially diluted in the wells of the ^ or from such virus or viruses and other exogenous DNA to 

EUSA plate. The plates were incubated at 37° C for % hrs obtain a useful recombinant 

and washed with FBST. Horseradish peroxidase conjugated (1) Construction of Plasmid pSD460 for Deletion of Thy- 

rabbit anti-mouse immunoglobulins (DAKO) was diluted n5aistt /J2R) 

1:2000 in dilution buffer and added to the wells of the vjcuc v-^v 

ELBA plated and incubated at 37° C for 1 hour. After Referring now to FIG. 1. plasmid pSD406 contains vac- 

washing with PBST. OPD (o-phenylenediamine 35 H"*™ J 83359-88377) cloned into pUC8. 

dihydrochloride) in substrate buffer was added and the color VSD406 was cut with Hindm and PvmX and the 1.7 kb 

was allowed to develop at ambient temperature for about 20 fragmem from the left side of Hindm J cloned into pUC8 cut 

minutes. The reaction was extinguished by the addition of with Hindin/SmaL forming pSD447. pSD447 contains the 

2.5M H^SO A . The absorbance at 490 imi was determined on entire gene for J2R (pos. 83855-84383). The imtiation 

a Bio-Tek EL-309 ELBA reader. The serum endpoint was codon is contained within an NlaHI site and the tenmnation 

defined as the reci|xxxal of me dilution^ codon is contained within an Sspl site. Direction of tran- 

value of l.a scription is indicated by an arrow in FIG. L 

Lymphocyte Proliferation Assays To obtain a left flanking arm, a 0.8 kb Hindm/EcoRI 

Single cdU su^ns^nsofthe spleen ^cdk of mdrvidual 45 ftagment was isolated from pSD447. then digested with 

mice were diluted to 2xl0 6 /ml in Assay Medium and 0.1 ml ^ ^ a 0 .5 kb HrndTONlara fragment isolated, 

were added to meweUsof96 welL flat-bottom microliter ^ oligonudeotides MPSW43WsYN44 

plates containing Assay Medium alone. 1, 5, or 10 ug of (Kpn m ^.i/ecnm Mn ?v 

ffiV-1 peptide TL 1, 5, or 10 pg of fflV-1 peptide T2. and (SEQ m NOlVSE ^ m ^ 

1 or 10 ug of purified HIV^ gpl60 (Immuno). The cells MPSYH43 * taattaactagctacccooo y 

were incubated for 5 days at 37° C, in 5% CO* To each well MPSYN44 y otac attaattoatcgatogocccttaa y 

was added 1.0 uG of [^J^hymkhne for die final 6 hrs of Nhm Bcori 
incubation and then harvested onto Beckman Ready Filters 

using a Cambridge PHD ceil harvester. The filter disks were w ^ u^^a *u ncu. ir^mr/wi ttt . 

amounted in aliquid scintillation counter. „ ^^L^? ^ ^^^^^ 

55 pUC18 vector plasmid cut with HindTlVEcoRL generating 

stimulation iNDEX^Ms^cPM» imm plasinid pSD449. 

lb obtain a restriction fragment containing a vaccinia 
EXAMPLE 1 right flanking arm and pUC vector sequences. pSD447 was 

ATTENUATED VACCINIA VACCINE STRAIN 60 T^iS^^ 

NYVAC at the pUCrVaccmia junction, and a 2.9 kb vector fragment 

isolated. This vector fragment was ligated with annealed 

To develop a new vaccinia vaccine strain. NYVAC synthetic oligonucleotides MPSYN45ZMPSYN46 (SEQ ID 

(vP866). the Copenhagen vaccine strain of vaccinia virus N03/SEQ ID NO:4) 
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HmtDH Smal 

MPSYN45 5' AGCTTCCCGOGTAAGTAATACCTCAAOGAGAAAACGAA 
MPSYN46 3* AGGGCCC ATTC ATT ATGC AGTTCCTCTTTTGCTT 

Nod Sstf 
ACGATCTGTAGTTAGCGOCCGCCTAATTAACTAAT TMPSYN45 
TGCTAGACATCAATCGCCOGCGGATTAATTGATTA 5MPSYN46 



generating pSD459. 10 pSD479BG. pSD479BG was used as donor plasmid for 

To combine the kit and rigtt flanking arms into one recombination with vaccinia virus vP410. Recombinant 

plasmid. a 0.5 kfo Hindm^mal fragment was isolated from vacdnia ^ vP533 WaS ^J**"* ^P^J? ? c 
p _.. rt . _ . « nlfft T. , *j ^ .*u presence of chromogenic substrate X-gaL In vP533 the 

E^J*?"?^ ^^^J^rl^ ™ BDR-B14R regies deleted and is^placed by Beta- 
Hindm/SmaL generating plasmid pSD460. pSD460 was gaiactosidase. 

used as donor plasmid for recombination with wild type " To Bct ^ galactosidase ^ V P533. 

parental vaccinia virus Copenhagen strain VC-2. 32 P plasmid pSD486. a derivative of pSD4T7 containing a 
labelled probe was synthesized by primer extension using potylinker region but no initiation codon at the u deletion 
MPSYN45 (SEQ ID NCh3) as template and the comple- junction, was utilized. First the Oal/Hpal vector fragment 
mentary 20mer oligonucleotide MPSYN47 (SEQ ID NO:5) from pSD477 referred to above was ligated with annealed 
(5* TTAGrTAATTAGGCXjGCCGC 3') as primer. Recom- 20 synthetic oligonucleotides SD42mer/SD40mer (SEQ ID 
binant virus vP410 was identified by plaque hybridization, NO:8/SEQ ID NOS) 

Chi Sad Xhol HpJ 

SD42n» 5* c5AITACTAGATCT5A<XrrCCCXXKXfTCX3AOa 3* 
SD40mBr3* TAATQATCTAGACTCGAOOOOCCCOAOCTCCCTAOOCAA 5* 
Bgm Smal Bma n 

(2) Construction of Plasmid pSD486 for Deletion of Hem- generating plasmid pSD47& Next the EooRI site at me 
orrhagic Region (B13R+B14R) 30 pUCAvaccinia junction was destroyed by digestion of 

Referring now to FIG. Z plasmid pSD419 contains vac- pSD478 with EcoRI followed by blunt ending with Klenow 
cinia Sail G (pos. 160.744-173351) cloned into pUC8. fragment of K coli polymerase and ligation, generating 
PSD422 contains the contiguous vaccinia SaH fragment to ^asnA! j^tse-. pSD478E-was digested with Barnffl 

fright *f ^f^™™^**™ 35 ^Cl and Hgated^ annealed^! oUgonude- 
To construct a plasmid deleted for the hemorrhagic region. 35 _ 7™V ar „~rT7\„,^ ^ M _ <#% ' - ^ „ * « « v 
u. BUR-B14R(poTl7Z549-173Ji52). pSW19wasWd ^ HEMVHEM6 (SEQ ID NO:l(VSBQ ID NO:ll) 

as the source for the left flanking arm and pSD422 was used ^ ^ „ „ , 
. TT fl T. , _ r BymH X EcoRI Hpal 

as the source of the right flanking arm. The direction of hems s "gatccgaattctaSct t 

transcription for die u region is indicated by an arrow in FIG. HEM63* octtaaoatcqas* 

2. 40 

lb remove unwanted sequences from pSD419, sequences 
to the left of the Ncol site (pos. 172^53) were removed by generating plasmid pSD486. pSD4S6 was used as donor 
digestion of pSD419 with Ncol/Smal followed by blunt plasmid for reconhination with recombinant vaccinia vim s 
SS^^AtST^ - vPm getting vP5». whi<* was isolated as a dear 
iogann was obuised by digestion of pSD422 with Hpal at pla<,ue in the presence of X-gaL 

fce tomii^ o^rfB14R a^ by digestion with NnJ (3 ) Construction of Plasmid pMP494A for Deletion of ATT 
03 kb to the right This 03 kb fragment was isolated and * . /A - a . 
ligated with a 3.4 kb Hindi vector fragment isolated from Kegion (azolj 

ifS*^ ?S^£!f Smid pSD477 - ^ 50 R^crring now to FIG. 3. pSD414 contain, Sail B doned 

partial deletion of the vaccinia u region in ©SD477 is ¥r ^ lo c L *T , , . * 

indicated by a triangle. The remaining B13R coding ^^CZJotf^nnw^ DNA sequence to the left 
sequences in pSD477 were removed by digestion with A 2 *- P^ 14 was cut with Xbal within 

Oal/HpaL and the resulting vector fragment was ligated vaccinia sequences (pos. 137.079) and with Hindm at the 
with annealed synthetic oligonucleotides SD22mer/ 55 pUC/vaccinia junction, then blunt ended with Klenow frag- 
SD20mer (SEQ ID NO^/SBQ ID NO.7) ment of £. coil polymerase and ligated, resulting in plasmid 

pSD483. lb remove unwanted vaccinia DNA sequences to 
SD^y ^nACTAToJ^cc^ y the right of the A26L region. pSD483 was cut with EcoRI 

SMQnw y TAATOATACTTCCT agoc aa 5* ^ (pos. 140,665 and at the pUCTvaccinia junction) and ligated. 

forming plasmid pSD484. To remove the A26L coding 
generating pSD479. pSD479 contains an initiation codon "P 0 * PSD484 was cut with Ndel (partial) slightly 
(underlined) followed by a Bamffl site. To place E. coli upstream from the A26L ORF (pos. 139.004) and with Hpal 
Bcta-galactostdase in the B13-B14 (u) deletion locus under (P 05 * B7.889) slightly downstream from the A26X ORF. 
the control of the u promoter, a 3.2 kb BamHI fragment 65 The 52 kb vector fragment was isolated and ligated with 
containing the Beta-galactosidase gene (Shapira et aL. 1983) annealed synthetic oligonucleotides ATB/ATM (SEQ ID 
was inserted into the BamHI site of pSD479. generating NO:12/SEQ ID NO:D) 
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Ndd 

ATD 5" T ATGAGT AACTT AACTC 1 1J1 Ul' I AATTAAAAQTATATTC AAAAAATAAC7T 
ATM 3* ACTC ATTGAATTOAGAAAACAATT AATTTTC AT AT AAOTT TTTTATTC A 

BglQ EcORI Hpal 
T AT ATAAAT AGATCTGAATTCGTt 3* ATD 
AT AT ATTTATCT AGACTT AAQC AA 5* ATT4 . 



reconstructing the region upstream from A26L and replacing io 4. Vaccinia sequences derived from HindlH B were removed 

the A26L ORF with a short polylinker region containing the by digestion of pSD419 with HindUi within vaccinia 

restriction sites BgUL EcoRI and Hpal as indicated above. sequences and at the pUOvaccinia junction followed by 

The resulting plasmid was designated pSD485. Since the ligation. The resulting plasmid. pSD456. contains the HA 

BglTl and EcoRI sites in the polylinker region of pSD485 are gene. A56R. flanked by 0.4 kfo of vaccinia sequences to the 

not unique, unwanted BglTJ and EcoRI sites were removed 15 left and 0.4 kb of vaccinia sequences to the right A56R 

from plasmid pSD483 (described above) by digestion with coding sequences were removed by cutting pSD456 with 

BgUI (pos. 140.136) and with EcoRI at the pUC/vaccinia Rsal (partial; pos. 161.090) upstream from A56R coding 

junction, followed by blunt ending with Klcnow fragment of sequences, and with EagI (pos. 162.054) near the end of the 

£ coli polymerase and ligation. The resulting plasmid was gene. The 3.6 kb RsaVEagI vector fragment from pSD456 

designated pSD489. The 1.8 kb Clal (pos. 137J98)/EcoRV 20 was isolated and ligated with annealed synthetic oligonucle- 

(pos. D9.048) fragment from pSD489 containing the A26L ottdes MPSYN59 (SEQ ID NO: 15). MFSY62 (SEQ ID 

ORF was replaced with the corresponding 0.7 kb polylinker- NO: 16), MPSYN60 (SEQ ID NO:17). and MPSYN 61 

containing CuuTEcoRV fragment from pSD4&5. generating (SEQ ID NO:18) 

Rsal 

MPSYN595* AC ACGAATGATTTTCTAAAGT ATTTOGAAAGTTT T AT AGGT AGTTGATAGA- 
MPSYN623* TaTGCT^ACTAAAAGATTTCATAAACCTITCAAAATATCC^TCAACTATCrr 5* 

MPSYN59 -ACAAAATACATAATTT 3" 

BgUI 

MPSYN® 5* TGrAAAAATAAATCACTTTTTATACTAAGATCT- 

MPSYN61 3" TGTITTATCJrATTAAAAC ATTTTT ATTT AGT GAAAAAT ATGATTCT AGA- 

MPSYN60 -CCC QGGCTOC AGC 3" 
MPSYN61 -OOOGCCGACQTCGCCGO 5* 



pSD492. The Bgm and EcoRI sites in the polylinker region 
of pSD492 are unique. 

A 33 kb BgUI cassette containing the £1 coii Beta- ^ 
galactosidase gene (Shapdra et aL. 1983) under the control of 
the vaccinia 11 kDa promoter (Bertholet et aL. 1985;Perkus 
et aL, 1990) was inserted into the BgUI site of pSD492, 
forming pSD493KBG. Plasmid pSD493KBG was used in 
recombination with rescuing virus vP553. Recombinant 
vaccinia virus. vP581. containing Beta-galactosidase in the 
A26L deletion region, was isolated as a blue plaque in the 
presence of X-gaL 

To generate a plasmid for the removal of Beta* 
galactosidase sequences from vaccinia recombinant virus 
vP581. the polylinker region of plasmid pSD492 was » 
deleted by mutagenesis (Mandecki. 1986) using synthetic 
oligonucleotide MPSYN 177 (SEQ ID NO: 14) (5* 
AAA AT GGGCGTGG ATTGTTA A CTT- 
TATATAACTTArriTrTGAAIArAC 3> In the resulting 
plasmid. pMP494A. vaccinia DNA encompassing positions 55 
1137.889-138,9371. including the entire A26L ORF is 
deleted. Recombination between the pMP494A and the 
Beta-galactosidase containing vaccinia recombinant vP581, 
resulted in vaccinia deletion mutant vP618. which was 
isolated as a clear plaque in the presence of X-gaL 
(4) Construction of Plasmid pSD467 for Deletion of Hemag- 
glutinin Gene (A56R) 

Referring now to FIG. 4. vaccinia Sail G restriction 
fragment (pos. 160.744-173351) crosses the HindUi A/B 
junction (pos. 162339). pSD419 contains vaccinia Sail G 
cloned into pUC8. The direction of transcription for the 
hemagglutinin (HA) gene is indicated by an arrow in FIG. 



reconstructing the DNA sequences upstream from the A56R 
ORF and replacing the A56R ORF with a polylinker region 
as indicated above. The resulting plasmid is p$D466. The 
vaccinia deletion in pSD466 encompasses positions [161. 
185-162.053]. The site of the deletion in pSD466 is indi- 
cated by a triangle in FIG. 4. 

A 3.2 kb Bgm/BamHI (partial) cassette containing the £ 
coii Beta-galactosidase gene (Shapira et aL. 1983) under the 
control of the vaccinia 11 kDa promoter (Bertholet et aL. 
1985; Guo et aL. 1989) was inserted into the BgUI site of 
pSD466, forming pSD466KBG. Plasmid pSD466KBG was 
used in recombination with rescuing virus vP618. Recom- 
binant vaccinia virus. vF708. containing Beta-galactosidase 
in the A56R deletion, was isolated as a blue plaque in the 
presence of X-gaL 

Beta-galactosidase sequences were deleted from vP708 
using donor plasmid pSD467. pSD467 is identical to 
pSD466. except that EcoRI, Smal and BamHI sites were 
removed from the pUCAraccinia junction by digestion of 
pSD466 wim EcoRI/BamHI followed by blunt ending with 
Klenow fragment of £ coli polymerase and ligation. 
Recombination between vP708 and pSD467 resulted in 
recombinant vaccinia deletion mutant vP723. which was 
isolated as a clear plaque in the presence of X-gaL 
(5) Construction of Plasmid pMPCSKIA for Deletion of 
Open Reading Frames [C7L-K1L] 

Referring now to FIG. 5. the following vaccinia clones 
were utilized in the construction of pMPCSKIA pSD420 is 
Sail H cloned into pUC8. pSD435 is Kpnl F cloned into 
pUC18. pSD435 was cut with SphI and rehgated. forming 
pSD451. In pSD451. DNA sequences to the left of the SphI 
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site (pos. 27.416) in HindHI M are removed (Perkus et aL. and the Beta-galactosidase containing vaccinia recombinant 

1990). pSD409 is HindHI M cloned into pUC8. vP784. resulted in vaccinia deletion mutant. vP804. which 

To provide a substrate for the deletion of the [C7L-K1L] was isolated as a clear plaque in the presence of X-gaL 

gene cluster from vaccinia. £ coU Beta-galactosidase was (6) Construction of Plasmid pSD548 for Deletion of Large 

first inserted into the vaccinia M2L deletion locus (Guo et 5 Subunit Ribonucleotide Reductase (ML) 

aL, 1990) as follows. To eliminate the BgUI site in pSD409» Referring now to FIG. 6, plasmid pSD405 contains vac- 

the plasmid was cut with Bgill in vaccinia sequences (pos. cinia Hindm I (pos. 63,875-70367) cloned in pUC8. 

28212) and with Bamffl at the pUC/vaccinia junction, then pSD405 was digested with EcoRV within vaccinia 

ligated to form plasmid pMP409B. pMP409B was cut at the sequences (pos. 67,933) and with Smal at the pUC/vaccinia 

unique SpHI site (pos. 27.416). M2L coding sequences were 10 junction, and ligated. forming plasmid pSD518. pSD518 

removed by mutagenesis (Guo et aL. 1990; MandeckL 1986) was used as the source of all the vaccinia restriction frag- 

using synthetic oligonucleotide. ments used in the construction of pSD548. 

MPSYN82 (SEQ ID NO: 19) 5* TTICTOTATA1TIGCAOCAATT1AGA 
AAAATATGTAACAATA 7 

The resulting plasmid. pMP409D. contains a unique BgUI The vaccinia ML gene extends from position 67371-65. 

site inserted into the M2L deletion locus as indicated above. 20 Q59 Direction of transcription for ML is indicated by an 

A 3.2 kb BamHI (partiaiyBgm cassette containing the £. arrow in FIG. & To obtain a vector plasmid fragment deleted 

^^^^i^ ^^^^^^Z^ f <* * I**** of the WL coding sequences. pSD518 was 

control of the 11 kDa promoter (Bertholet et aL. 1985) was hj^^T™-* tu^iti rfT-wn h^.t EL* <-7 nm\ 

inserted into pMP409D cut with BgUL The resulting ft ^25^ E^^S ^ 

plasmid. pMP409DBG (Guo et aL. 19^was used as donoi 25 md Klenow fragment of E. coU poly- 

plasmid for recombination with rescuing vaccinia virus merase. This 4.8 kb vector fragment was ligated with a 32 

vP723. Recombinant vacdnia vims. vF784. containing Smal cassette containing the E coii Beta-galactosidase 

Beta-galactosidase inserted into the M2L deletion locus, was gene (Shapira et aL. 1983) under the control of the vaccinia 

isolated as a blue plaque in the presence of X-gaL 11 kDa promoter (Bertholet et aU 1985; Perkus etaL. 1990). 

A plasmid deleted for vaccinia genes [C7L-K1L| was x resulting in plasmid pSD524KBG. pSD524KBG was used 

assembled in pUC8 cut with SmaL Hindm and blunt ended as donor plasmid for recombination with vaccinia virus 

with Klenow fragment of E. coii poiyinerase. Hie left vP804. Recombinant vaccinia virus. vP855. containing 

fla^armcoiis^ tf Beta-galactosidase in a partial deletion of the ML gene, was 

obtained by digestion of pSD420 with Xbal (pos. 18.628) • 1 *f- ui , . * v f 

followed by bh3n7ending\vith Klenow fra^of E. coii lsolated a bluc m mc ****** of 

polymerase and digestion with Bgffl (pos. 19.706). The right 33 To delete Beta-galactosidase and the remainder of the I4L 

flanking arm ranging nf varrinia HinrfTIf K jwpiMiPftB wfly ORP from VP855. deletion plasmid pSD548 Was COn- 

obtained by digestion of pSD451 with BgUI (pos. 29.062) structed. The left and right vaccinia flanking arms were 

and EcoRV (pos. 29,778). The resulting plasmid. assembled separately in pUC8 as detailed below and pre- 

DMP581CK is deleted for vaccinia sequences between the scnted schematically in FIG. 6. 

BgUI site (pos. 19.706) in Hindm C and the Bgill site (pos. 40 To construct a vector plasmid to accept the left vaccinia 

29.062) in Hindm K. The site of the deletion of vaccinia flanking arm pUC8 was cut with BamHI/EcoRI and ligated 

sequences in plasmid pMP58 1CK is indicated by a triangle with annealed synthetic oligonucleotides 518A1/518A2 

in FIG. 5. (SEQ ID NO:21/SEQ ID NO:22) 



Knt 

518A1 S GATXXTQMnACTrTGRAXrxrAWGffiKTATXrrriCMTrriXTCTCXr 
518A2 y QACTCATGAAACATTATATTACTATATATAAAAOTGAAATAQAGTA 

Bgtt T EcoRI 
TTGAOAAT AAAAA OATCTTAGG 3* 518A1 
AACTCTTA J 1 1 1 1 <J 1 AGAATCCTTAA 5* 518A2 

To remove excess DNA at the vaccinia deletion junction. forming plasmid pSDS31. pSD531 was cut with Rsal 
plasmid pMP581QL was cut at the Ncol sites within 55 (partial) and BamHI and a 2.7 kb vector fragment isolated, 
vaccinia sequences (pos. 1&811; 19.655). treated with Bal- pSD5 1 8 was cut with BgDT (pos. 64.459y Rsal (pos. 64,994) 
31 cxonuclease and subjected to mutagenesis (MandeckL and a 0-5 kb fragment isolated. The two fragments were 
1986) using synthetic oligonucleotide MPSYN233 (SEQ ID ligated together, forming pSD537. which contains the com- 
NO:20) 5' TGTCATTTAACACTATACTCATAT- p 1 ^ fl«Mrin g arm Irft of th» W ™«"g ^mnr*f 

TAArAAAAArAATAnTATT 3'. The resulting plasmid. w To construct a vector plasmid to accept the right vaccinia 
pMPCSKlA. is deleted for vaccinia sequences positions flanking arm. pUC8 was cut with BamHI/EcoRI and ligated 
18^05-29.108. encompassing 12 vaccinia open reading with annealed synthetic oligonucleotides 518B1/518B2 
frames IC7L-K1L], Recombination between pMPCSKlA (SEQ ID N023/SEQ ID NO:24) 



BamH I Bgm Rma| 

518B1 y ^^tccaStctccccxxi^^ 
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-continued 

518B2? GIXHAGU^GGGCCCI'ITIT^ 

Rsal EcoRI 
GACOTATGrAOCGTACTAOS" ? 518B1 
CTOCATACTACGCATGATCCTTAA 5' S1882 



forming plasmid pSD532. pSD532 was cut with Rsal 
(partial)/EcoRI and a 2.7 fcb vector fragment isolated 
pSD518 was cut with Rsal within vaccinia sequences (pos. 
67.436) and EcoRI at the vaccinia/pUC junction, and a 0.6 
Jdb fragment isolated. The two fragments were ligated 
together; forming pSD538. which contains the complete 
vaccinia flanking arm to the right of I4L coding sequences. 

The right vaccinia flanking arm was isolated as a 0.6 kb 
EcoRffBglH fragment from pSD538 and ligated into 
pSD537 vector plasmid cut with EcoRJ/BgUL In the result- 
ing plasmid pSD539, the ML ORF (pos. 65.047-67386) is 
replaced by a potylinker region, which is flanked by 0.6 kb 
vaccinia DNA to the left and 0.6 kb vaccinia DNA to the 
right all in a pUC background The site of deletion within 
vaccinia sequences is indicated by a triangle in FIG. 6. To 
avoid possible recombination of Beta-galactosidase 
sequences in the pUC-derrved portion of pSD539 with 
Beta-galactosidase sequences in recombinant vaccinia virus 
vP855, the vaccinia I4L deletion cassette was moved from 
pSD539 into pRCIL a pUC derivative from which all 
Beta-galactosidase sequences have been removed and 
replaced with a polylinker region (Colinas et al.. 1990). 
pSD539 was cut with EcoRI/PstI and the 1.2 kb fragment 
isolated This fragment was ligated into pRCll cut with 
EcoRHPstI (235 kb) forming pSD548. Recombination 
between pSD548 and the Beta-galactosidase containing vac- 
cinia recombinant vP855. resulted in vaccinia deletion 
mutant vP866. which was isolated as a clear plaque in the 
presence of X-gaL 

DNA from recombinant vaccinia virus vP866 was ana- 
lyzed by restriction digests followed by electrophoresis on 
an agarose get The restriction patterns were as expected 
Polymerase chain reactions (PGR) (EngeDce et aU 1988) 
using vP866 as template and primers flanking the six dele- 
tion loci detailed above produced DNA fragments of the 
expected sizes. Sequence analysis of the PCR generated 
fragments around the areas of the deletion junctions con- 
firmed that the junctions were as expected Recombinant 
vaccinia virus vP866. containing the six engineered dele- 
tions as described above, was designated vaccinia vaccine 
strain "NYVAC** 

EXAMPLE 2 

EXPRESSION OF HIV GE NB PRODUCTS BY 
HOST-RESTRICTED POXVIRUSES 

This Example describes the generation of host-iestiicted 
poxviruses mat express HIV gene products. The vectors 
employed are NYVAC ALVAC and TROVAC. 
ALVAC and NYVAC Recoinbinants Containing the HIV-1 
(DIB) V3 Loop and Epitope 88 

A 150 bp fragment encompassing the V3 loop (amino 
acids 299-344; laveherian et aU 1989; La Rosa et aU 1990) 
of HIV- 1 (IBB) was derived by PCR using oligonucleotides 
HIV3BL5 (SEQ ID NO:25) (5'- 
ArcOTAGAAAITAAjTGTAC-J) and HIV3BL3 (SEQ ID 
NO:26) (5*- 
ATCATCGAATTCAAGCTTATTATTTTGCTC- 
TACTAArGTTAC-3 r ) with pHXB.2D (IB) as template 



(provided by Dr. R. C. Gallo. Nd-NIH. Bethesda. Md). 
Oligonucleotides HIV88A (SEQ ID NO:27) (5*- 
ATGAATGTGACAGAAAATTTTAACATGTGG- 
AAAAAIXjTAGAAArTAArTGTACAAGACCC-3') and 
HIV88B (SEQ ID NO:28) (5*- 
GGGTCTTGTACAAITAAriTCrACAlTTTTCCACAT- 
GTTAAAATTITCTGTCACArrCAW*) were annealed 
together to produce a double-stranded fragment containing 
the HIV-1 epitope 88 (amino acids 95-105. Shaffermann et 
aL. 1989). The 150 bp V3<ontaining PCR fragment con- 
taining the epitope and the 42 bp fragment containing the 88 
epitope sequences were fused together by PCR by virtue of 
the existence of complementary sequences. The reactions 
were performed using oligonucleotides HIV88C (SEQ ID 
NO:29) (5-AGTAAItjrGACAGAAAArnTAAC-T) and 
HIV3BL3. The 192 bp PCR-derived fragment contains the 
epitope 88 sequences fused upstream to the V3 loop 
sequences. A termination codon (TAA) was incorporated 
into oligonucleotide HIV3BL3P to terminate translation of 
the open reading frame and an initiation codon was incor- 
porated into oligonucleotide HIV88C to serve as the start of 
translation to express the epitope 8S/V3 loop fusion protein. 
Additionally, oligonucleotide HIV3BL3 was synthesized so 
that an EcoRI site existed at the 3*-end of the 192 bp PCR 
fragment 

The entorncpoxvirus promoter. 42 kDa (early) was gen- 
erated by PCR using oligonucleotides RG273 (SEQ ID 
NO:30) (5*- 
AGGCAAGCTTTCAAAAAAArArAAArGArTC-3*) and 
RG274 (SEQ ID NO:31) (5'- 
TTTATATTGTAATTArATATTTTC-3 ? ) with plasmid 
pAM12.astenmlate.The 108 bp fragment containing the 42 
kDa promoter was synthesized to contain a HindHI site at 
the 5*-end The 42 kDa promoter containing segment was 
kinased and digested with HindHI prior to ligation to the 
epitope 83/V3 fragment digested with EcoRI and pRW831 
digested with HindDI and EcoRL The resultant plasmid was 
designated as pC5HIVL88. This plasmid was used in in vitro 
recombination assays with CPpp as rescue virus to generate 
vCP95. ALVAC recombinant vCP95. contains the epitope 
88/V3 loop in the de-ORFed C5 locus of CPpp. 

The plasmid pC5HIVL88 was digested with HindHI and 
EcoRI to liberate a 300 bp fragment containing the epitope 
88/V3 expression cassette described above. This fragment 
was excised from a LMP-agarose gd and isolated by phenol 
extraction (2X) and ether extraction (IX). The isolated 
fragment was blunt-ended using me Klenow fragment of the 
E. coli DNA polymerase in the presence of 2 mM dNTPs. 
The blunted fragment was ligated to pSD550VC digested 
with Smal to yield plasmid pMVL88VC This plasmid was 
used with vP866 as the rescue virus to generate vP878. 
vP878 contains the epitope 88/V3 loop cassette in the 
de-ORFed ML locus of vP866. 

ALVAC- and NYVAC-Based Recombinants Expressing the 
HIV-1 (DIB) Envelope Glycoproteins 

An expression cassette composed of the HIV-1 (HIB) env 
gene juxtaposed 3* to the vaccinia virus H6 promoter (Guo 
et aL. 1989; Taylor et al. 1988a,b) was engineered for 
expression of gpl60 from HIV-1 by the ALVAC and 
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NYVAC vectors. A 1.4 kb fragment was amplified from tbe 5* portion (150 bp) of the HIV-1 env gene. This Kpnl 

pHXB.2D (III) (provided by Dr. R. C. Gallo. NO-NHL fragment was ligated into pBSHTV3B3P2768 digested with 

Bethesda. Md.) using oligonucleotides HIV3B1 (SEQ ID Kpnl to yield plasmid pBSHIV3BHIL A 2.8 kb fragment 

NO:32) (5'-GTTTTAA- was derived from pBSHIV3BED by digestion with Xbal 

TTGTX3GAGGGGAATTCTTCTACTGTAATTC-3 t ) and 5 followed by a partial Kpnl digestion. This fragment was 

HIV3B5 (SEQ ID NO:33) (5VATCA- blunt-ended and inserted into Smal digested pSD550. The 

TCTCTAGAATAAAAArTATAGCAAAArCCrTFC-T). plasmid pI4LH6HIV3B was generated and used in recom- 

This fragment contains the 3' portion of the env gene. PCR bination experiments with vP866 as the rescue virus. This 

amplification with these primers placed a vaccinia virus generated vP911 which contains the HIV-1 env gene in the 

early transcription termination T5NT sequence motif fol- to I4L locus of the NYVAC genome, 

lowing the coding sequence and removed the T5NT motif To insert the HIV-1 env gene into an ALVAC vector, 

situated at position 6146 to 6152 (Ratner et ai. 1985) pBSHIV3BEAII was digested with Nrul and XbaL The 

without altering the amino acid sequence. This change (T to derived 2.7 kb fragment was blunt-ended with the Klenow 

Q creates an EcoRI site (GAATTQ at this position. This 1.4 fragment of the JEL coU DN A polymerase in the presence of 

kb fragment was digested with EcoRI (5*-end) and Xbal (3- is 2 mM dNTPs. This fragment contains the entire HIV-1 env 

end) and inserted into EcoRI and Xbal digested pBS-SK gene juxtaposed 3' to the 3 -most 21 bp (to Nrul site) of the 

(Stratagene. La Jolla, Calif.). Tbe resultant plasmid was vaccinia H6 promoter. This fragment was ligated to a 3.1 lib 

designated as pBSHIVENVU. Nucleotide sequence analy- fragment derived by digestion of pRW838 with Nrul and 

sis of this fragment demonstrated that the sequence was EcoRI with subsequent blunt-ending with Klenow. The 

entirely correct except for a T to C transition at position 20 pRW838 derived fragment contains the homologous arms 

7048. Ibis transition was corrected as follows: A 250 bp derived from canarypox to direct the foreign gene to the C5 

fragment was derived by PCR using oligonucleotides locus. It also contains the 5 -most 100 bp of the H6 promoter. 

HIV3B1 (SEQ ID NO:32) (5 -GTTTT- Therefore, ligation of these fragments resulted in an inser- 

AATTGTGGAGGGG AA^^C^TCTACTGTAA^TC-3 , ) tion plasmid containing an expression cassette for the HIV- 1 

and HIV3B17 (SEQ ID NO:34) (5*- 25 env gene and was designated pC5HIV3BE. This plasmid 

TGCTACTCCTAArGGTTC-3*) with pHXB.2D (HI) as was used in in vitro recombination experiments with 

template. This fragment was digested with BgUI and EcoRI ALVAC as the rescue virus to generate vCPl 12. 

The fragment was inserted into pBSHIV3B1.5. digested NYVAC-Based Recombinants Expressing the HIV-1 (BIB) 

with BgUI and EcoRI and thus substituted for the region gpl20 

with the incorrect nucleotide to yield plasmid pBSHIV3B3P. 30 The plasmid pBSHTV3BEAII was digested with EcoRI 

PCR was utilized to derive a 150 bp fragment containing and Xbal to liberate a 43 kb fragment This fragment 

the 5* portion of the env gene wit h oligonucleotides HIV3B9 contains the vaccinia virus H6 promoter linked to the HIV- 1 

(SEQ ID N035) (5'-CATATGCITrAGCAIXnXjArG-3') env gene to nucleotide 6946 (Ratner et aU 1985). The 43 kb 

and HIV3B10 (SEQ ID NO:36) (5'- fragment was ligated to 300 bp EcoRI/Xbal digested PCR- 

ATG AAAG AGCAGAAG ACAGTG-3 ') with pHXB^D 33 derived fragment conxsponding to the 3* portion of the 

(ED) as template. PCR was also used to generate a 128 bp gpl20 coding sequence. The 300 bp PCR fragment was 

fragment containing the vaccinia virus H6 promoter from derived using oligonucleotides HTV1-120A (SEQ ID 

pOFGAG using oligonucleotides W6K 5P (SEQ ID NO:43) (5*-ArCArCTCrAGAATAAAAA3TArGGTTC- 

Nt>37) (5-AT(>TCGGTACX:GAriX^^ AAirTTTACTACTTTrArArrATATATTTC-S') and 

3*) and VVH63P (SEQ ID NO:38) (5'- 40 HIV1-120B (SEQ ID NO:44) (5*- 

TACXjATACAAACrrAACGG-3*). Both fragments were CAATAATCnTTAAGCAAAXCCTC-3') with pHXB.2D 

digested with Kpnl and the 150 bp fragment was kinased (IH) as template. The ligation of the 43 kb XbaUEcoRI 

prior to co-insertion of these fragments into pBS-SK fragment and the 300 bp Xbal/EcoRI fragment yielded 

digested with Kpnl The resultant plasmid was designated as plasmid pBSHIVB120. 

pBSH6HIV3B5P. 45 A 1.6 kb KpnI/Xbal fragment was derived from 

PCR was used to generate a 600 bp fragment from pBSHIVB120 by initially iin**ri?jn g the plasmid with Xbal 

pHXB.2D (IB) with oligonucleotides HIV3B2 (SEQ ID followed by a partial Kpnl digestion. The 1.6 kb fragment 

NO:39) (5 -GAATTACAGTAGAA- was blunt-ended by treatment with the Klenow fragment of 

GAATTCCCCTCCAC AATTAAAAC-3 ') and HIV3B7 the E. colt USA polymerase in the presence of 2 mM 

(SEQ ID NO:40) (5M^VArAGAXAArGArACTAC-3 ). so dNTPs. This fragment was inserted into pSD541 digested 

This fragment was digested with EcoRI and kinased. PCR with Smal to yield pATIHIVB 120. This plasmid was used in 

was also used to derive a 500 bp fragment with the same in vitro recombination experiments to generate vP921. This 

template but with oligonucleotides HIV3B6 (SEQ ID recombinant contains the portion of the HIV-1 env gene 

NO:41) (5'- encoding gpl20 in the All locus of NYVAC 

GTATTATATCAAGrTTATArAArAArGCATATTC-3*) 53 To determine the authentkiry of the HIV- 1 gene products 

and HIV3B8 (SEQ ID NO:42) (5*- expressed by vP911. vP921 and vCPUZ iimnuiKjpfrapita- 

GTTGATGATCTGTAGTGC-3'). This fragment was tion analyses were performed. 

digested with Kpnl These fragments together correspond to Lysates derived from the infected cells were analyzed for 

nucleotide 5878 to 6368 (Ratner et aU 1985). The engineer- HIV- 1 env gene expression using pooled serum from HIV-1 

ing of these fragments with these primers also removes a 60 seropositive individuals (obtained from Dr. Genoveffa 

T5NT sequence positioned at nucleotide 6322 to 6328 FranchinL NCX-NIH. Bethesda. Md.). The sera was pread- 

without altering the amino acid sequence. These two frag- sorbed with vP866-inf ected Vero cells. The preadsorbed 

ments were inserted into pBSHIV3B3P digested with Kpnl human sera was bound to protein A-sepharose in an over- 

and EcoRI. This plasmid was designated as night inoculation at 4° C In some cases a monoclonal 

pBSHIV3BP2768. 63 antiserum specific to gpl20 (Dupont) was used as the 

Plasmid pBSH6HIV3B5P was digested with Kpnl to primary serum and a rat anti-mouse as the second antibody, 

liberate a 360 bp fragment containing the H6 promoter and Following this incubation period, the material was washed 4 
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times with IX Buffer A. Lysates predeared with normal 
human sera and protein A-Sepharose were then incubated 
overnight at 4° C with the human sera from seropositive 
individuals bound to protein A-Sepharosc Following the 
overnight incubation period, the samples were wariied four 
times with IxBuffer A and 2xwith IiQj/urea buffer. Pre- 
cipitated proteins were dissociated from the immune com- 
plexes by the addition of 2xLacmmirs buffer (125 mM Iris 
(pH6.8). 4% SDS. 20% glycerol; 10% 2-mercaptoemanol) 
and boiling for 5 minutes. Proteins were fractionated on a 
10% Dreyfuss gel system (Dreyfuss et aL. 1984) fixed and 
treated with 1M - Na - salicylate for fiuorography. 

The results of immuircprecipitation using sera pooled 
from mV-1 seropositive individuals showed specific pre- 
cipitation of the gpl20 and gp41 mature forms of the gpl60 
envelope glycoprotein from vP911 infected cell lysates. No 
such specific gene products can be detected in the parental 
vims (NYVAC; vP866) infected cell lysates. Specific pre- 
cipitation of gpl20 was also found in vP921 infected cell 
lysates. 

Immunofluorescence analysis with the same sera illus- 
trated that the gpl60 and gpl20 species expressed by vP911 
and vP921. respectively, were present on the surface of 
infected cells. 

Immunopredpitation was also performed with vCP112 
infected CEF cells. No HlV-specific polypeptides were 
precipitated with a monoclonal antibody directed against the 
gpl20 extracellular moiety from cells infected with the 
ALVAC parental virus and uninfected CEF cells, two HTV- 
specific polypeptides species were, however, precipitated 
from vCP112 infected cells. These species migrated with 
apparent mobiKties of 160 kDa and 120 kDa. corresponding 
to the precursor env gene product and the mature extracel- 
lular form, respectively. 

A Recombinant Vaccinia Virus Expressing HIV gpl20 Elic- 
its Primary HlV-specific Cytotoxic T Lymphocyte Activity 

Following iv administration with 5xl0 7 PFUs of vaccinia 
vims recombinants vP878, vP911. or vP921. or. as a control 
with NYVAC the vector, splenic CTL activity of BALB/c 
mice was assessed against syngeneic P815 cells which had 
been incubated overnight with peptide HBX2 (Tabic 1). 
Modest, but significant (P<0.05) primary CTL activity was 
generated in the spleens of mice administered vP921. 
expressing HTV gpl20. No other recombinant vaccinia virus 
nor the vector was able to elicit primary HIV-specific CTL 
activity. This was not due to inadequate infection as each 
group of mice administered a vaccinia virus responded with 
primary vaccinia-specific CTL activity. Control, unimmn- 
nized mice responded to neither target 
Recombinant Poxviruses Expressing HIV env Peptides Gen- 
erate HIV-Specific Memory Cytotoxic T Lymphocytes 

At least one month following a single inoculation with 
one of the recombinant vaccinia viruses, mouse spleen cells 
were stimulated in vitro with syngeneic naive spleen cells 
previously infected with NYVAC or with each of the HIV 
recombinant vaccinia viruses (table 2). Strong HIV-specific 
CTL activity was detected only in the spleen ceB cultures of 
mice immunized with vP878, vP911. and vP921 which were 
restimulated in vitro by cells infected with one of the same 
vaccinia virus HIV recombinants (vP878. vP9U. or vP921> 
The vaccinia virus recombinants expressing HIV gpl20 or 
gpl60 were better able to generate memory CTLs than the 
vaccinia virus recombinant expressing only the V3 loop 
fused to the 88 epitope. HIV-specific memory CIX activity 
could not be elicited from uniinmunized control or NYVAC 
immunized spleen cells. The absence of HIV-specific CTL 
activity from vector immunized mice could not be attributed 
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to poor immunization since vaccinia-specific memory CTL 
activity was apparent after in vitro stimulation with spleen 
cells infected with any of the vaccinia viruses used. 
In a similar study, the ability of a canarypox recombinant 
5 expressing the V3 loop region fused to me 88 epitope 
(vCP95) to generate HIV-specific memory CTLs was exam- 
ined (Table 3). Three weeks following a single inoculation 
of l<r PFUs of vCP95 or the canarypox vector. CPpp. 
HIV-specific memory CTL responses were compared to that 

1Q elicited by the recombinant vaccinia virus analog. vP878. 
Vaccinia and canarypox CTL responses were included as 
controls for proper immunization. Only spleen cells from 
vP878 and vCP95 immunized mice produced HIV-specific 
memory CTL activity which could be stimulated by vP878. 
The inability of vCP95 to stimulate existing memory CTLs 

15 to functional cytolytic CTLs may have been related to the in 
vitro conditions employed which were maximized based 
upon the use of vaccinia virus recombinants. Nonetheless. 
vCP95 was fully capable of generating significant HIV- 
specific memory CTLs in the spleens of immunized mice. 

20 Characterization of the In Vitro Stimulated Cytotoxic Cells 
It is conceivable that the cells mediating cytotoxicity 
against the HIV peptide-pulsed target cells represent a 
population of nonspecific effector cells unrelated to CTLs. 
such as natural killer cells. To test this, the spleen cells of 

23 mice immunized with vP921 and iestimulated in vitro with 
vP921 infected spleen cells were depleted of T-lymphocytes 
bearing surface antigens characteristic of T helper lympho- 
cytes (CD4) or of cytotoxic T lymphocytes (CD8) and 
assayed against V3 loop peptide pulsed target cells (Table 4). 

30 As before, only vP921 immunized mice generated memory 
HIV-specific CTL activity which could be stimulated in Wlro 
with vP921 infected syngeneic spleen cells. Although the 
complement preparation (C) and the monoclonal anti-CD4 
andanti-CD8 produced some toxic effects, only the cultures 

35 depleted of CD8-bearing cells (ant»-CD84C) were also 
deplet e d of HIV-specific cytotoxic effector cells. Thus, the 
cells mediating cytolytic activity against the HIV peptide- 
pulsed target cells possessed CD8 antigens on their cell 
membranes, a characteristic of MHC class I restricted CTLs. 

40 Specificity of CTL Antigen Receptor Recognition of the V3 
Loop Region of HIV gpl20 

T lymphocyte antigen receptors are exquisitely sensitive 
to small alterations in the primary amino add sequence of 
the epitope fragment The V3 loop region of HIV gpl20 is 

45 hypervariable and differs immunologically among HIV iso- 
lates. The hypervariability resides in substitutions and addi- 
tions of only a few amino adds. To examine the specifidty 
of cytotoxic cells generated by HIV vaccinia virus 
recombinants, susceptibility to CTL activity was compared 

50 among P8 15 target cells pulsed with peptides corxespctKling 
the V3 loop region of HTV isolates ffl^. SF2. and MN. Only 
immunization with vP911 and vP921 induced HIV specific 
primary CTL activity (Table 5). Furthermore. HIV specific 
CTL activity was confined only to P81S target cells pulsed 

55 with peptide corresponding to the V3 loop of HTV isolate 
m^. Similar results were obtained with in vitro stimulated. 
HIV specific secondary CTL activity induced by immuni- 
zation with the vaccinia virus recombinants vP878. vP911. 
and vP921 (Tabic 6). Thus. HIV specific CTLs elidted by 

60 recombinant vaccinia viruses expressing various portions of 
the env gene of HIV isolate IH* recognize only target 
epitopes derived from the same antigenic isolate. 
Lymphocyte Proliferation Responses to HIV Epitopes Fol- 
lowing Immunization with Vaccinia Virus HIV Recombi- 

65 nants 

Lymphocyte proliferation to antigens is an in vitro cor- 
relate of cell-mediated immunity. Presentation of the appro- 
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priate antigen induces cellular proliferation in the immune 
population of cells expressing receptors for the antigen. Hie 
initiation and continuation of proliferation requires the 
involvement of T helper lymphocytes via soluble mediators. 
To evaluate cell-mediated immunity to HIV antigens in mice 
immunized with recombinant vaccinia viruses expressing 
HIV antigens, spleen cells from mice immunized 27 days 
earlier were incubated for 5 days with peptides correlating to 
T helper lymphocyte epitopes designated T i andT^ as well 
as with purified HIV gpI60 (Table 7). No proliferative 
responses to the T helper cell epitopes T, and T 2 were 
observed in any of the spleen cell cultures. However, the 
spleen cells of mice previously immunized with vP921 
vigorously responded to HIV gpl60 as determined by the 
incorporation of [ 3 H]-thymidine. A stimulation index (SI) of 
greater than 2.0 is considered indicative of immunity. Thus, 
inoculation of mice with vP921 elicited cell-mediated 
immunity to HIV gpl60. 



Antibody Responses of Mice Inoculated with Vaccinia Vims 
HIV Recombinants 



To evaluate humoral responses to HIV, mice were immu- 
nized at day 0 with one of me vaccinia virus HIV recom- 
binants and received a secondary immunization at week 5. 
The mice were bled at various intervals through 9 weeks 
after the initial immunization. Pooled sera from each treat- 
ment &oup were assayed for antibodies to HIV by EUSA 
employing purified gpl60 as antigen (Table 8). Primary 
antibody responses were generally modest but detectable 
with the highest levels induced by vP911. Following the 
secondary immunization, the antibody titers of mice immu- 
nized with vP911 and vP921 increased and peaked at week 
7 with titers of over 4.600 and 3,200, respectively, before 
declining slightly by week 9. Thus, two vaccinia virus HIV 
recombinants, vP911 and vP921, were capable of inducing 
a significant antibody response. 

TABLE 1 

Pliiuuy C~lL» activity of spleen cefls from 
inioo muiiwiiBcd with vaccinia vims 
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TABLE 2 



Smmlmy CTL activity of spleen cefls 
fbllowiU£ in vitro stinaufattioii with vaccinia 
vinis iccombmantB. 



IMMUNIZATION 
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IS 


03 




NYVAC 


3.7 


93 


3.8 




vP878 


4.6 
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53 




vP911 


-1.7 


23 


4.8 




vP92l 


23 


23 


13 


NYVAC 


NONE 


ao 


44 


1.1 




NYVAC 


3.3 


47.8* 


9.2 




vP878 


6.3 


44.1* 


14.4 




vP911 


7.9 


48.6* 


10.6 




vP921 


6.8 


50.8* 


7.9 


vP878 


NONE 


0.1 


1.7 


13 




NYVAC 


10.2 


58-5* 


13.0 




vP878 


11.6 


573* 


59.9* 




vF911 


7.8 


562* 


403* 




vP931 


4.9 


4X0* 


14.8 


vP911 


NONE 


03 


23 


4.0 




NYVAC 


6.2 


50.7* 


83 




vP878 


S3 


503* 


77.4* 




vP91i 


5.0 


54.2* 


82.6* 




vP921 


109 


55D* 


87.8* 


vP921 


NONE 


23 


5.0 


94 




NYVAC 


83 


544* 


22.7 




vP878 


10.4 


563* 


85j6> 




vP9U 


8.7 


58.2* 


863* 




TP921 


7.8 


55.2* 


81J0* 



BALBfcJ spleen cells fruui mice immunized 
with the 



35 



infected syngeneic spleen cefls far 5 days and assayed for cytotesicity at an 

effector to target cell ratio of 20.1. 

* P<0.05 c ompai c d to controls, Student's Meat 
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TABLE 3 
Anamnestic uil responses of the spleen cells 

«f mWt inlimiiin»i>il m *mglt> wnmlrtwi of 

r^rnhiTWS: vaccinia cr canaiypoz virus 
expressing the V3 bop of HJV gpl20t 

IMMUMZATION 



PERCENT CYTOTOXKJTY 



ta r ge t s and t argets poised with peptide 
coxrcsponcmig to the V3 loop region of HTV-l 
apl20. 

lEItCENT CYTOTOXICITY 
TARGET 



IMMUNIZATION 




P815 


VAC 


HTVV3 


NONE 




-33 


-0.6 






± 


2D 


13 


1.6 


NYVAC 




-44 


93* 


-53 




± 


1.9 


33 


1.7 


vP878 




-43 


7J* 


-4J0 




± 


1JB 


22 


1.2 


tP911 




-4j0 


4j6* 


14 




± 


23 


2J0 


5.1 


vP92l 




-34 


10.7* 


153* 






09 


13 


23 



ET= 100:1 
•P<0j05v8 



50 



55 



60 



65 



appropriate controls* Stndent'6 (-test 



PRIMARY 


BOOSTER 




TARGET 




in vivo 


in vitro 


P815 


Vac 


CP 


HTVV3 


NONE 


NONE 


04 


-23 


-23 


-13 




vP804 


03 


83 


0.7 


0.8 




vP878 


1.8 


6.1 


04 


L6 




CP 


53 


42 


43 


04 




VCP93 


44 


. 16 


6.1 


0.1 




SB13S 


-03 


-0.7 


-0.4 


03 


vP804 


NONE 


0.7 


1.7 


0.1 


13 




tP804 


53 


433* 


53 


33 




vP878 


3.6 


423* 


1.6 


-03 




CP 


83 


7J0 


5.6 


3.9 




vCP95 


53 


53 


44 


4.0 




SB135 


13 


-09 


-03 


-0.2 


vP878 


NONE 


03 


-23 


-03 


-0.2 




vf>804 


53 


564* 


73 


4.1 




vP878 


6.7 


60 J* 


7.7 


41.7* 




CP 


8.7 


134 


94 


4.7 




VCP95 


7.1 


103 


8.7 


19j0 




SB 135 


1.9 


-0.7 


-0.2 


-1.4 


CP 


NONE 


4.6 


-0j6 


23 


-0j0 




vP804 


HjO 


17.7* 


5.7 


61 




▼P878 


7.1 


14.6* 


123 


53 




CP 


74 


53 


193* 


3.1 




VCP95 


63 


54 


20.4* 


23 



25 
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TABLE 3-continiied 



TABLE 5 -continued 



Anamnestic CTL i c ap o ns cs of the spleen ceQs 
of mke administered a single inoculation of 
recombinant vaccinia or cauarypot virus 
expressing the V3 loop of HIV gp!20. 



Specificity of prnnary CTL activity for die V3 loop of 
HTV-l isolate D* following a single inocolatka with 
HTV recnrnhinant vaccinia viruses. 



IMMUNIZATION 



PRIMARY BOOSTER 



PERCENT CYTOTOXICITY 
TARGET 



in vivo 


m vibo 


P815 


Vac 


CP 


HTV V3 




SB135 


14 


-04 


03 


-1.4 


vCP95 


NONE 


-03 


-22 


-13 


03 




vP804 


94 


264* 


93 


63 




vP878 


10.4 


223* 


169 


32.1* 




CP 


83 


11 


200* 


33 




VCP95 


5.1 


42 


193* 


73 




SB 135 


1.9 


-1.5 


-03 


-13 



10 



15 



20 



IMMUNIZATION 



PERCENT CYTOTOXBCITY 
TARGET 



V3 PEPTIDE 



P815 HTB SF2 MN 



vP92l 



-23 125* -OJ -1.2 
0.7 3.6 03 03 



Mice were administered a single frr inoculation with the inrfirttwl vaccinia 
vims tecombinaxit and assayed for CTL activity 7 days later against P815 
targets and P815 targets pulsed with one of three peptides c cti fnpnrirtin g to 
the V3 loop region of HIV-1 isolates DL^ SF2, and MN. Although assayed 

*P<0^coinp 8 ied to appiopriat e controls. Student's t-tast „ «*^»^c*^*^UaUmd2*U*b**m t l+* 

*-> are snown. 



Twenty-three days after iiiatiuiiization, the spleen cells were stimulated in 
vitro for 5 days with virus infected or peptide-pulsed syngeneic s p leen cells 
and then assayed for specific cytotoxicity against virus infected or peptide- 
pulsed PS15 target cells at an effector to target ceO ratio of 20:1. 



* P < 0.05 vs upp jo p i iale connols, Stiident's West 



TABLE 4 



Depletion of cytotoxic activity with monoclonal 
antibodies to CDS phis comnfc 



30 



IMMUNIZATION 



in vitro TREATMENT 



PERCENT 
CYTOTOXH3TY 

iwpm — 

P815 VAC HTVV3 J5 



TABLE 6 

Specificity of secondary CTL activity for the 
V loop of HTV-l isolate ULj following a 



NONE 


NONE 


NONE 


ia 


13 


-03 


NONE 


NYVAC 


NONE 


-7.4 


a4 


-0.4 


NO*B 


vP921 


NONE 


-0.2 


1.1 


-0.7 


NYVAC 


NONE 


NONE 


-3a 


-03 


-1.4 


NYVAC 


NYVAC 


NONE 


-2.6 


403 


-03 


NYVAC 


vP921 


NONE 


33 


31.4 


-19 


vP921 


NONE 


NONE 


3j0 


-13 


-0.1 


vP921 


NYVAC 


NONE 


-4.9 


25.9 


122 


vP921 


vP921 


NONE 


-02 


213 


303 


vP921 


vP921 


C 


4.6 


20.1 


219 


vP921 


vP921 


antiCD4 


42 


22.6 


23.2 


vP92I 


vP921 


aravCDS 


-5j0 


223 


269 


vP921 


vP921 


an6-CD4 + C 


IOjO 


26.6 


30.1 


vP92l 


vP921 


anti-CDS +C 


92 


7.1 


23 



IMMUNIZATION 



PERCENT CYTOTOXICITY 
TARGET 

V3 PEPTIDE 



TABLES 



Specificity of pr irony CTL activity for the V3 loop of 
HTV-l isolate D* following a single *»«^t— with 
HTV ifcmcubingnt vaccinia vimaes. 



PERCENT CYTOTOXICrrY 
TARGET 



IMMUNIZATION 




PB15 


TTTR 


V3 PEPTIDE 
SF2 


MN 


NONE 




-17 


-1.9 


-09 


-12 




± 


-03 


03 


03 


03 


NYVAC 




-1.6 


-03 


-0.6 


-03 




± 


-03 


0.8 


0,7 


0.2 


vP878 




-23 


03 


-03 


-1.2 




± 


03 


IS) 


06 


03 


vP91i 




-16 


73* 


-03 


-ia 




± 


0l2 


3.2 


03 


0.4 



40 


in vivo 


m vitro 


PS15 


TTTR 


SF2 


MN 




NONE 


NONE 


13 


ia 


03 


-00 






NYVAC 


OA 


03 


-0.6 


-03 






vPSTS 


02 


02 


-03 


-ID 






vP911 


-13 


03 


-03 


03 


45 




vP921 


-0.6 


IA 


0.1 


-03 




NYVAC 


NONE 


-12 


02 


03 


-L0 






NYVAC 


3.2 


22 


3.9 


23 






vPS78 


4A 


59 


SJO 


6\1 






vP911 


53 


na 


5J0 


53 


50 




vP921 


5j0 


63 


29 


19 




vP878 


NONE 


oa 


-03 


-09 


-IJO 






NYVAC 


3j0 


43 


4.4 


43 






vP878 


19 


203 


73 


a6 






vP911 


43 


73 


43 


4.7 


55 




vP921 


2.7 


65 


18 


33 




vP9Il 


NONE 


09 


13 


14 


03 






NYVAC 


83 


S3 


8.1 


6.6 






vP878 


6.6 


573 


63 


83 






vP91I 


4.6 


63.7 


19 


43 


60 




vP921 


7.2 


63.6 


4.1 


49 




vP921 


NONE 


03 


03 


13 


03 






NYVAC 


4A 


19 


73 


6j0 






vP878 


sa 


59X> 


7.1 


73 






vP911 


6.4 


714 


75 


6.6 


65 




vP921 


93 


634 


9J0 


8.1 



5,766598 

27 28 

TABLE 7 

Lymphocyte proliferative responses lo HIV gp!60 epitopes 27 days after a single 



COUNTS PER MINTUE 
HIV ANTIGEN 



IMMUNIZATION 




RPMI 


b>160 fiari 




Tlfuri 










1 


10 


1 


5 


10 


1 


5 


10 


NONE 


MEAN 


5,185 


6^97 


7,808 


7,682 


8,614 


1134] 


6,141 


8335 


6,774 




±SD 


1,020 


2,174 


2,596 


1,274 


2,033 


£036 


2403 


1383 


2306 




SJ 


1J0 


1.2 


1.5 


1.0 


1.1 


13 


IjO 


1.4 


1.1 


NYVAC 


MEAN 


10327 


13,589 


15,969 


11360 


12,654 


15369 


10339 


9334 


8368 




1SD 


1,543 


3323 


4383 


1352 


vm. 


1,821 


762 


1,731 


502 




51 


1j0 


13 


13 


1.0 


1.1 


1.4 


IJO 


IjO 


0.9 


vP878 


MEAN 


10,126 


13,150 


18329 


111" 


11,956 


13,754 


10,415 


11,442 


9447 




±SD 


1,269 


1,103 


4,245 


1,217 


1,106 


1368 


335 


1.288 


1£33 




SI 


1J0 


13 


1J 


1.0 


1.1 


1.2 


IjO 


1.1 


09 


vP911 


MEAN 


12,155 


15,564 


26,083 


12,417 


15380 


17,007 


10,681 


11,412 


0,702 




1SD 


1307 


9,707 


16327 


873 


1347 


6,266 


£428 


3,201 


1/468 




SI 


IjO 


13 


24 


1.0 


1.2 


1.4 


IX) 


U 


ID 


vP921 


MEAN 


9,701 


49,256* 


61,036 • 


10350 


15367 


15^16 


8318 


9,232 


8303 




1SD 


£601 


23473 


25366 


3,447 


3,481 


7,176 


954 


£265 


2360 




SI 


IjO 


5.1 


63 


1.0 


1.5 


13 


IJO 


IjO 


1S> 



» P < 0.05 compared to unstimulated control cultures Student's Mest 



TABLES 



HIV jjpltiO EUSA tilers of mice imrwmMWBH with HIV 



WEEKS AFTER BdMMUNEATK>N 



IMMUNIZATION 


0 


1 


2 


4 


7 


9 


CONTROLS 


22 


32 


32 


38 


36 


33 


NYVAC 


38 


36 


37 


28 


so 


45 


vP878 


20 


43 


27 


46 


65 


63 


vP911 


0 


0 


90 


453 


4,614 


3063 


vP921 


0 


26 


25 


77 


2,614 


1,689 



EXAMPLE 3 

EXPRESSION OF THE HIV-1 (ARV-2 OR SF-2 
STRAIN) env GENE IN ALVAC. TROVAC AND 
NYVAC VECTORS 
Plasmid Constructions 

The lambda clone containing the entire HIV-1 (ARV-2 or 
SF-2 strain) genome was provided by J. Levy and was 
described previously (Sanchez-Pescador et aL. 1985). The 
env sequences were subdoned into pUC13. creating plasmid 
pMF7MX373. which contains the sequences from -1 rela- 
tive to the initiation codon (ATG) of the env gene product to 
715 bp downstream of the termination codon (TAA) of the 
env gene. These env sequences were excised from 
pMF7MX373 by digestion with EcoRI and Hindm and 
inserted into the plasmid vector. pIBI25 (International 
Biotechnologies. Inc.. New Haven. Conn.) generating plas- 
mid pJBI25env. 

Recombinant plasmid pIBI25env was used to transform 
competent E. coti CJ236 (dut- ting-) cells. Single-stranded 
DNA was isolated from phage derived by infection of the 
transformed £ coli CT236 cells with the helper phage. 
MG408. This single-stranded template was used in in vitro 
mutagenesis reactions (Knnkel et aL. 1985) with oligonucle- 
otide MUENVT12 (SEQ ID NO:45) (5*- 
AGAGGGGAAITCT^CTAClXK!AA^ACA-3 , ). Mutagen- 



esis with this oligonucleotide generates a T to C transition 
and disrupts the T5CT motif at nucleotide positions 

30 6929-6935 of the ARV-2 genome (Sanchez-Pescador et aL. 
1985). This mutation does not alter the amino acid sequence 
of the env gene and creates an EcoRI site, which was used 
to screen for mutagenized p**""" 1 clones. Sequence confir- 
mation was done by the dideoxynucleotide chain termina- 
tion method (Sanger et aL. 1977). The resultant mutagenized 

35 plasmid was designated as pIBI25mutenvl 1. 

A 1.45 kb Bgin fragment was derived from 
pIBI25mutenvll. This fragment contained the mutated env 
sequences. It was used to substitute for the corresponding 
unmutated fragment in pIBI25eov. The resultant plasmid 

40 was designated as pIBI25mutenv8. Further modifications 
were made to pIBI25mutenv8. In vitro mutagenesis was 
performed to remove the sequence ceding for the rex protein 
and the LTR sequence (UR region) from the 3'-end of the 
gene and to delete the putative immuno-suppressive (IS) 

45 region amino acids 583 through 599 (SEQ ID NO:46ieu- 
Gln-Ala-Arg-Vai-I^ti-Ala-VaKjlu-Ar^ 
Gln-Gln-Leu) (Klasse et aU 1988). These reactions were 
done with the single-stranded template derived from 
pIBI25mutenv8 with oligonucleotides LTR2 (SEQ ID 

50 NO:47) (5'-TTGGAAAGGCTTTTGGCAT- 
GCCACGCGTC y) and MUENSVISR (SEQ ID NO:48) 
(5-ACACTCTGGGGC^CAAGCAGCTAGGGATiT- 
GGGGTTGCTCr-3'). Mutagenized clones were identified 
by hybridization and restriction analysis. A clone 

55 mutagenized such that it was deleted both of the IS and the 
LTR region and another deleted of the ITR was confirmed 
by nucleotide sequence analysis and designated 
pIB125mut3env40 and pTBI25mnt2env22, respectively. 
A 3.4 kb Smal/HindHI fragment containing the entire env 

60 gene was derived from pIBI25mut3env40 and from 
pIBT2Smnt2cnv22 and inserted into pCPCVl andpFPCV2. 
digested with Smal/HindDL The plasmid pCPCVl is an 
insertion plasmid which enables the generation of ALVAC 
recombinants with insertion occurring in the C3 locus. The 

65 plasmid. pFPCVZ is an insertion plasmid which enables the 
generation of TROVAC recombiants with insertion occur- 
ring in the F7 locus. Plasmids pCPCVl and pFPCV2 have 
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been described previously in PCT International Publication Expression analyses with all six recombinant viruses were 
No. WO 89/03429 published Apr. 2a 1989. performed in CEF. Venn and MRC-5 cell monolayers. 

Oligonucleotide FROVECNS (SEQ ID NO:49) (5'- la&ouninunopreripitation experiments using pooled sera 
rcGTTAAGTTTGTArCGTAATGAAAGTGAAGGGGA- from HIV seropositive individuals were performed as 
CCAGG-30 was used for in vitro mutagenesis reactions via 5 described above. All six recombinants directed the synthesis 
the method of Mandecki (1986) to make a precise ATGiATG of the HTV-1 gpl60 envelope precursor. The efficiency of 
construction with the WH6 promoter and the env processing of gpl60 to gpl20 and gp41. however, varied 
sequences. Potential mutants were screened for the loss of between cell types and was also affected by deletion of the 
the Smal site. Plasmid clones devoid of a Smal site were immiinosuppressive region. Recognition of gp41 by the 
identified and confirmed by nucleotide sequence analysis. pooled sera from HIV seropositive individuals also varied 
Properly mutagenized plasmid clones were identified and between the virus background and the cell type, 
designated as pGPcnvIS+ or pCPenvB- and pFPenvISf or EXAMPLE 4 

pFPfenvIS. 

The HIV-1 env genes were excised from pCPenvIS- by EXPRESSION OF THE HIV-2 (ISSY STRAIN) 

digestion with Nrul and Hindm The two env fragments of env GENE IN NYVAC 

2.5 Kb (envIS+) and 2.4 kb (envIS-). respectively, were 15 Expression of gpl60 

isolated and blunt-ended by reaction with the Klenow frag- Oligonucleotides HIV25PA (SEQ ID N Q-.50) (5*- 
mcnt of the E. colt DNA polymerase in the presence of 2 ATGAGTGGTAAAATTCAGCrGCritnTGCCITTCT- 
mM dNTPs. These fragments were ligated with the 3 J kb GCTAACTAGrGCirGCTTA^') and HTV25PB (SEQ ID 
fragment derived by digestion of pSIVenvW with Nrul and NO:51) (5-TAAGCAAGCACTACjTTAGCAGAAAGGC- 
Pstt with a subsequent blunting step with the Klenow 20 AACAAGCAGCTGAAi i n ACCACTCAT-3') were 
fragment of the £ coti DNA pof^nerase in the presence of annealed to constitute the initial 54 bp of the HIV-2 ISSY 
2 mM dNTPs. The plasmid pSIVenvW contains the SIV strain (Franchini et al.. 1989) env coding sequence. This 
env gene expression cassette regulated by the vaccinia virus fragment was fused 3* to a 129 bp fragment derived by PGR 
H6 promoter in the AIT insertion locus. Digestion of with oligonucleotides H 65PH ( SEQ ID NO:52) (5'- 
pSIVenvW with Nrul and PstI excises the entire SIV env 25 ATGATC A AGCITG ATTCTTTATTCTATAC-3' ) and 
coding sequences and the 3'-most 20 bp of the promoter H63PHIV2 (SEQ ID NO:53) (5'- 
element Ligation to the env IS- and env IS+ fragments CAGCTCAA1TTTACCACH1ATTAC 
restores the 20 bp of the H6 promoter and inserts the HIV- 1 AACG-3') using pTP15 (Guo et aL. 1989) as template. The 
env gene into the All insertion plasmid. The resultant fusion of these two fragments was done by PCR using 
piasmids were designated as pAR5W+ and pAR6W- for 30 oligonucleotides HIV25PC (SEQ ID NO:54) (5*- 
env IS+ and env IS-, respectively. TAAGCAAGCACTAGTTAG-3') and H65PH (SEQ ID 

In Vitro Recombination and Purification of Recombinants NO.52). The 174 bp PCR derived fragment was digested 

Recombination was performed ktroducing plasmid DNA with Hindm and Sad and inserted into pBS-Sk(Stratageae, 
into infected cells by calcium phosphate precipitation both La Jofla. Calif.) digested with Hindm and SacL The result- 
far ALVAC and for TROVAC recombinants, as previously 35 ant fragment was designated pBSH6HTV2. The insert was 
described (Piccini et aL. 1987). Hasmids pCPenvISf and confirmed by nucleotide sequence analysis. 
pCPenvIS- were used to make recombinants vCPol and The 3* portion of the HIV-2 env gene was also derived by 
vCP60* respectively. Plasmids pFPenvIS+ and pFPenvIS- PCR. In mis reaction a 270 bp fragment was amplified with 
for recombinants vFP63 and vFP6Z respectively. The plas- oligonucleotides HIV2B1 (SEQ ED NO:55) (5'- 
mids pAR5W+ and pAR6W- were used in in vitro 40 CCGCCTCITGACCAGAC-3*) and HIV2B2 (SEQ ID 
recombination experiments with vP866 as rescue to yield N036) (5'-ArcATCTCTAGAATAAAAATTACAGGA- 
vP939 and vP940. respectively. Recombinant plaques were GGGCAATTTCTG-3*) using pISSY-KPN (provided by Dr. 
selected by autoradiography after hybridization with a 32 p- Genoveffa Franchint NCI-NIH. Bethesda. Md.) as template, 
labeled env specific probe and passaged serially three times This fragment fragment was digested with BamHI andXbal 
to assure purity, as previously described (Piccini et aL. 45 The 150 bp fragment derived from mis digestion contained 
1987). a 5* BamHI and a 3* Xbal cohesive end. The fragment was 

Expression of the HIV-1 env Gene engineered to contain a T5NT sequence motif known to be 

Six different recombinant viruses were prepared where recognized as vaccinia virus early transcription termination 
the HTV env gene of the ARV-2 or SF-2 strain was inserted signal (Yuen et aL. 1987). following the termination codon 
downstream from a vaccinia carry-late promoter. H6. For so (TAA). 

simplicity, the two ALVAC-based recombinant viruses. The majority of the HIV-2 env gene was obtained from 
vCP61 and vCP60. will be referred to as CHS+and CPB-. pBSY-KFN by digestion with Sad and BamL The 2.7 kb 
the two TROVAC- based recombinants, vFP63 and vFP62. fragment generated by this digestion was coinserted into 
as FPIS+ and FPTS-. and the two NYVAC-based pBS-SK digested with Sad and Xbal with the 150 bp 
raxmibinants. vP939 and vP940, as W- and W+. respec- 55 BamHI/Xbal fragment corresponding to the 3' end of the 
trvexy. gene. The resultant plasmid was designated pBSHIV2ENV. 

All the constructs were precise, in that the ATG initiation The 174 bp Spel/rlindm fragment from pBSH6HIV2 and 
codon of the HIV-1 env gene was superimposed on the ATG the 2J kb Spel/Xbal fragment from pBSHIV2ENV were 
of the vaccinia H6 promoter. Moreover, all extraneous ligated into pBS-SK digested wim HindHI and Xbal to yield 
genetic information J to the termination codon was elimi- 60 pBSH6TOV2ENV. The 2.7 kb HindHI/Xbal insert from 
nated CF1S-.FFIS-, ami W- were aU obtain pBSH6HIV2ENV was isolated and blunt-ended with the 

of a 51 bp region, corresponding to amino acids 583-599. Klenow fragment of the E. coii DNA polymerase in the 
located near the 5* portion of the gp41 gene product This presence of 2 mM dNTP. The bhint-ended fragment was 
region shares homology with putative iinmunosuppressive inserted into a Smal digested pSD541VC insertion vector 
regions (KlasseetaL. 1988;RueggetaL. 1989aJb) occurring 65 The resultant plasmid was designated as pATIHIV2ENV. 
in the transmembrane polypeptide of other retrovirus gly- This plasmid was used in vitoo recombination experiments 
coproteins (Oanciolo et aL. 1985; Ruegg et at. 1989ai>). with vP866 (NYVAQ as the rescuing virus to yield vP920. 
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hnnuinopredpitatiofl analysis was performed to deter- of the entire HIV-2 env gene. No HIV-specific species were 

mine whether vP920 expresses authentic HIV-2 gpl60. precipitated from mock infected or vP866 infected Vero 

Lysates from the infected cells were analyzed for HIV-2 cells. A protein species of 120 kDa was. however, precipi- 

env gene expression using pooled serum from HIV-2 serop- tated from lysates derived from cells infected with vP922. 



EXAMPLE 5 



ositive individuals (obtained from Dr. Gcnovcffa Franduni. 
NCI-NM. Bethesda. Md.). The sera was preadsorbed with 
vP8ft infected Vero cells. The preadsorbed human sera was EXPRESSION OF SIV GENES IN NYVAC 
bound to ftotein A-scpharose in an overnight incubation at Generation of NYVAC/SIV gpl40 Recombinant 
4° C. Following this incubation period, the material was Aplasmid pSSHE containing the SIV (^,43) env gene 
washed 4xwith Ixbuffer A. Lysates predeared with normal 10 was obtained from Dr. Genoveffa Franchini (NQ-NIH. 
human sera and protein A-sepharose were then incubated Bethesda. Md.). This plasmid was digested with Hindm and 
overnight at 4° C. with the human sera from seropositive PstI to liberate a 22 kbp fragment containing from nude- 
individuals bound to protein A-sepharose. After the over- otide 220 of the SIV env gene to a region 160 bp down- 
night incubation period, the samples were washed 4xwith stream from the translation termination codon. It should be 
Ixbuffer A and 2xwith a Lid^Anea buffer. Precipitated is noted that an expression cassette containing this fragment 
proteins were dissociated from the immune complexes by will result in the expression of a gpl40protdn species rather 
the addition of 2xLaemmli's buffer (125 mM Tris(pH6.8). that a gpl60 species. This 40% deletion of the transmem- 
4% SDS. 20% glycerol, 10% 2-mercaptoethanol) and boil- brane region results from a premature termination at nude- 
ing for 5 min. Proteins were fractionated on a 10% Dreyfuss otide 7.934 of the genome (Franchini et aL. 1987). Such 
gd system (Dreyfuss et aL. 1984). fixed and treated with 1M 20 premature tenninations of the env gene product are noted 
Na-salicylate for micrography. after propagation of SIV in culture (Kodama et aL. 1989). 

Human sera from HIV-2 seropositive individuals specifi- The amino portion of the gene was derived by PCR using 

cally precipitated the HIV-2 gpl60 envelope glycoprotein pSSHE as template and oligonucleotides SIVENV1 (SEQ 

from vP920 infected cells. Furthermore* the authentidty of ID NO:59) (5'-CGATATCC(JITAAGTiTGTAIXXnAA- 

the expressed fflV-2 env gene product was cc^mrmed, since 25 TGGGArGrCrTGGGAArC-3') and STVENV2 (SEQ ID 

the gpl60 poryprotein is processed to the mature gpl20 and NO:60) (5MZAA(XKTITAITGAGGTCTC-3'). The result- 

gp41 protein spedes. No HIV-specific protein species were ant 250 bp fragment the 5*-most 230 bp of the SIV 

precipitated from mock-infected cells or cells infected with env gene juxtaposed downstream from the 3-most 20 bp of 

the parental virus. vP866. Also, supportive of the proper the vaccinia virus H6 promoter (3*-end of Nrul site). A 170 

expression of the HIV-2 env by VF920 was the observation 30 bp fragment was obtained by digestion of the fragment with 

by an immunofluorescence assay that the gene product is HindTJOL which removes 80 bp of SIV env sequences, 

expressed on the surface of vP920 infected cells. The sequences containing the remainder of the SIV env 

Expression of gpl20 gene following the premature termination signal were 

The plasmid pBSH6HIV2 containing the vaccinia virus derived by PCJR frompSS35E (obtained from Dr. Genoveffa 

H6 promoter fused to the 5*-end of the HIV-2 env gene was 35 Franduni). This plasmid contains sequences containing the 

digested with Spel and Hindm to liberate the 180 bp C-terminai portion of the SIV env gene into the LTR region 

fragment containing these sequences. This fragment was downstream from the env gene. The oligonudeotides used to 

ligated into pBS-SK digested with HindUJ and Xbal along derive the 360 bp fragment were SIVENV3 (SEQ ID 

with the 1.4 kb SpelflCbal fragment of pBSHIV212QA to NO:61) (5'-CCTGGCCTTGGCAGATAG-3*) and 

yield pBSHIV2120B. 40 SIVENV4A (SEQ ID NO:62) (5 f - 

The plasmid pBSHIV2120A was derived by initially ArCATCGAATTCAAAAATAITACAAAGAGCGTGA- 

deriving the 3* portion of the gpl20 coding sequence by GCTCAAGIXXnTGCCTAArCCTCC-3^ This fragment 

PCR. The PCR was performed using oligonucleotides was digested with PstI and EcoRI to generate a 260 bp 

HIV2120A (SEQ ID NO:57) (5*- fragment having a 5* PstI cohesive end and a 3'- EcoRI 

ATC ATCTCTA GAATAAAAATTAT CTCTTATGTCT- 45 cohesive end. 

CCCTG G-3') a nd HIV2120B (SEQ ID NO: 5 8) (5'- The 2.2 kb HindTU/Pstl fragment from pSSHE. the 170 

AATTAACTnACAGCACCO*) with pBSY-KPN as tern- bp Nrul/Hindin fragment combining the 5* end of the gene, 

plate. The PCR-derived fragment was digested with EcoRI and the 260 bp PsU/EcoRI containing the 3* end of the gene 

and Xbal to yield a 300 bp fragment which contained a were ligated with a 3.1 kb NruI/EcoRI fragment derived 

5*-EcoRI cohesive end and a 3-XbaI cohesive end. The so from pRW838- pRW838 contains the vaccinia virus H6 

fragment was engineered with a translation termination promoter linked to the rabies G gene flanked by canarypax- 

sequence (TAA) and a T5NT sequence motif just 5* to the virus sequences which enable the insertion of genes into the 

Xbal site. The 300 bp Xbal/EcoRI PCR fragment was C5 locus. Digestion with Nrul and EcoRI Hberates the rabies 

ligated into pBS-SK digested with Sacl/Xbal along with a G gene and removes the T-most 20 bp of me H6 promoter. 

1.4 kb SacI /EooR I fragment derived from pISSY-KPN to 55 The resultant CS insertion plasmid containing the SIV env 

generate pBSHIV212QA. gene linked to the vaccinia H6 promoter was designated as 

The plasmid pBSHIV2120B was digested with Hindm pCSSIVENV. 

and Xbal to generate a 1.8 kb fragment containing the HIV-2 The plasmid pC5SIVENV. was digested with Hindm and 

gpl20 coding sequence juxtaposed J to the vaccinia virus EcoRI to liberate a 22 kb fragment containing from nude- 

H6 promoter. This fragment was blunted wim the Klenow 60 otide 150 of the SIV env gene to the end of me entire gene, 

fragment of the E. coli DNA polymerase in the presence of PCR was used to derive the vaccinia H6 promoter/SIV env 

2 mM dNTPs. The blunt-ended fragment was ligated to linkage from pC5SIVENV with oligonucleotides 

Smal digested pSD541VC to generate pATIHIV2 120. This MPSYN286 (SEQ ID NO:63) (5'- 

plasmtd was used in in vitro recombination experiments to CCCCCCAAGCTTTTTTATTCTATACTT-3') and 

yiddvP922. 65 SIVEN V2 (SEQ ID NO:64) (5'- 

Imnwnoprecipitation exrjeriments with vP922 infected CAAGGCTTTAITGAGGTCTC-3*). The 320 bp fragment 

cells were performed as described above for the expression was digested with Hindm to derive a 240 bp fragment The 
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2.2 kb HindHI/EcoRIand the 240 bp HiDdm fragment were used in in vitro recombination experiments with vP873 as 

coligated into pC3I digested with HindHI and EcoRL The rescue vims to yield vP948. 

resultant plasmid containing the HindHI fragment in the The plasmid to insert bom gag and pol into NYVAC- 

proper orientation relative to the SIV env coding sequence based vectors was engineered in the following manner, 

was designated pQSTVEM. The plasmid pC3I was derived j pSIVGl. described above, contains extraneous 3*-noDcoding 

as follows. The nucleotide sequence analysis of an 2^5 kb sequences which were eliminated using a 1 kb PCR frag- 

Bgin caiiarypoxvirus genomic fragment revealed me entire ment. This fragment was generated from plasmid 

C3 open reading frame and the 5* and 3* flanking regions. In pSIVGAGSSllG with the oligonucleotides SIVP5 and 

order to construct a donor plasmid for insertion of foreign SIVP6. This PCR derived fragment containing the T end of 

genes into the C3 locus with the complete excision of the C3 10 the pol gene was digested with BamHI and HpAL The 1 kb 

open reading frame. PCR primers were used to amplify the BamHHHpal fragment was ligated to the 7.400 bp partial 

5* and 3* sequences relative to C3. Primers far the 5' BamHI/Hpal fragment of pSIVGl to yield pSIVG4. 

sequences were RG277 (SEQ ID NO:65) (5*- Sequence analysis of pSIVG4 revealed a single base pair 

CAGTTGGTACCACTGGTAJ ri 1 ATTTCAG-3') and deletion within the pol gene. To conect (his error the 2300 

RG278 (SEQ ID NO:66) (5*- 15 bp BglH/StuI fragment from pSIVGl was inserted into the 

TATCTCAAITCXTGCAGCCCGGGriT^ 6.100 bp partial BglH/StuI fragment of pSIVG4 to yield 

TTAGTCAAAIXjrGAGrrAArArrAG-37. pSIVG5. The plasmid* pSIVG5. was used in in vitro recom- 

Primers for the 3* sequences were RG279 (SEQ ID bination experiments with vP873 as rescue to generate 

NO:67) (5*- vP943. 

T C G C T G A AT T C G AT AT C A A G C TT AT C - 20 Generation of NYVAC/SIV pl6 and p2S Recombinants 

GATTTTTATGACTAGTTAArCAAATAAAAAGCArA Hie pol gene and the portion of the gag gene encoding 

CAAGC-3 ) and RG280 (SEQ ID NO:68) (5'- p28, pi2.p8.pl. and p6 were eliminated from pSIVGl.This 

TrArCGAGCTCTGTAACATCAGTArcTAAC-3 '). The was accomplished by cloning the oligonucleotides SIVL10 

primers were designed to include a multiple cloning site (SEQ ID NO:73) (5'-AGACCA ACAGC- 

flanked by vaccinia transcriptional and translation^ termi- 25 ACCATCTAGCGGCAGAGGAGGAAATTACTAA- 

natton signals. Also included at the 5*-end and 3'-end of the TrTTTATTCTAGAG-3*) and STVL11 (SEQ ID NO:74) 

left arm and right arm were appropriate restriction sites (5 '-G ATCCTCTAG AATAAAAATTAGTAATTTCCTC 

(Asp718andEcoRIfbr left am and EcoIU and SacI for right CTCTGCCGCTAGATGCjrGCTGTTGGT-3 t ) into the 

arm) which enabled the two arms to ligate into Asp718/Sacl 4.430 bp AccI/BamHI fragment of pSIVGl to generate 

digested pBS-SK plasmid vector. The resultant plasmid was 30 pSIVG3. This plasmid contains an expression cassette for 

designated as pC3L the SIV pl6 gene product expressed by the vaccinia OL 

The plasmid pOSIVEM was linearized by digestion with promoter. 

EcoRL Subsequent partial digestion with HindHI liberated a The cntomopoxvirus 42 kDa~promoted SIV p2S gene (5* 

2.7 kb HimUn/EcoRI fragment This fragment was blunt- end only) was inserted downstream from the BL-promoted 

ended by treatment with Klenow fragment of the E. coii 35 pl6 gene. Tins was accomplished by cloning the 360 bp 

DNA polymerase in the presence of 2 mM dNTPs. The BspMI/BamHI fragment of pSIVGl. containing the 5* end 

fragment was ligated into pSD550VC digested with Smal of the p28 gene, the oligonucleotides pSIVL14 (SEQ ID 

The resultant plasmid was designated as pSTVEMVC This NO:75) (S'-TAGACAAAATT GAAAATATATAAJTA- 

plasmid was used in in vitro itcanbinatkm experiments C A ATATAA A ATGCC AGTACAAC A AATAG- 

wilh vP866 as rescue virus to generate vP873. vP873 40 GTGGTAACTJ>3XjrCCACXZTQCC ATT-3*) and SIVX15 

contains the SIV env gene in the I4L locus. (SEQ ID NO:76) (5*- 

Generation of a NYVAC/gag/pol and gag Recombinants G CTTA AT GGC A G GTG G AC AT AGTTA 

A plasmid. pSIYAGSSllG, containing the SIV cDNA CCACOTA^^ 

sequence encompassing the gag and pol genes was obtained ATATAriTlCAAin ixjI-3*X containing the entomopox 

from Dr. Genoveffa Franchini (Nd-NIH. Bcthesda. M<L> 45 42 kDa promoter into the 4,470 bp partial XbaVBamHI 

The gag and pol genes from this plasmid were juxtaposed 3' fragment of pSIVG3. The resultant plasmid was designated 

to the vaccinia DL promoter between vaccinia tk flanHng as pSIVG6. 

arms. This was acconmhsbed by cloning the 4.800 bp The 3* portion of the p28 gene was then inserted into 

Cf oI/Tagl fragment of pSIVGAGSS 1 1G, containing the gag pSIVG6. A 290 bp PCR fragment, containing the 3' end of 

and the oligonucleotides SIVL1 (SEQ ID NO:69) (5*- 50 the SIV p28 gene, was derived from pSIVGl using oMgo- 

TCGACTGAGATAAACTGAAAATArArArCAlTATA- nucleotides SIVP12 (SEQ ID NO:77) {5*- 

TTACAAGTACAAITAITrAGGTITAArCArGGGCG- TGGATGTACAGACAAC-3 ) and SIVP13 (SEQ ID 

3') and SIVL2 (SEQ ID NO:70) (5 1 - NO:78) (5'- 

OCCATGAITAA ACCn A AArAA ITGrACITItnAArA- AAGGA^CCGAAITCT^ACAITAA^CTAGCCT^C-3 , ). 

TAATGCTATATAJ 1 i it^CTITArCT- CAC -3 1 ) corre- 55 This fragment was digested with Bamifl and ligated to the 

sponding to the DL promoter into the 4.070 bp Xhoi/AccI 4.830 bp BamHI fragment of pSIVG6. The resultant 

fragment of pSDS42. a derivative of pSD460 (FIG. 1). The plasmid. pSIVG7. was used in in vitro itcombination 

plasmid generated by this manipulation was designated experiments with vP866 and vP873 as rescue experiments to 

pSIVGl. generate vP942 and vP952. respectively. 

To eliminate the pol gene, a 215 bp PCR fragment was 60 Expression Analyses 
derived from pSIVGAGSSllG using oligonucleotides The SIV gpl40 env gene product is a typical glycoprotein 
SIVP5 (SEQ ID NO:71) (S'-AATCAGAGAGCAGGCT^*) associated with the plasma membrane of infected cells. It is 
and SIVP6 (SEQ ID NO:72) (5 f - expressed as a polyprotein of 140 kDa that is proteolytically 
TTXK3ATC(XnxrGCCACXntnxrr-3'). The PCR-derived cleaved to an extracellular species of 112 kDa and a trans- 
fragment was digested with BamHI and Still and ligated 63 membrane region of 28 kDa (Franchini ct aL. 1987). Immu- 
with the 5370 bp partial BamHI/StuI fragment of SIVGL nofluorescence analysis using sera from rhesus macaques 
This resulted in the generation of pSIVG2. pSIVG2 was seropositive for SIV followed by fluorescein conjugated 
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rabbit anti-monkey IgG demonstrated expression of the env Six week old female BALB/c mice were inoculated intra- 
gene product on the surface of recombinant infected Vero venously with 5xl0 7 pfu of vaccinia virus (NYVAC). 
cells. Surface expression was not detectable on the surface recombinant vaccinia virus expressing HIV-1 (IBB) env 
of mock infected cells or cells infected with the NYVAC (vP911). canarypoxviras (ALVAC). or with recombinant 
(vP866) parent virus. Furthermore, cells infected with 5 canarypoxvirus expressing HIV-1 (IBB) env (vCP112). 
recombinants containing only gag genes were not shown to Seven days later, the spleen cells were assayed for primary 
express any SIV components on the surface. Surface expres- CTL activity against unmodified P8 15 cells or P815 cells 
sion in cells infected with vP873. vP943. vP948 and vP952 that had been incubated overnight with a peptide corre- 
all demonstrated surface expression and significantly, all sponding to the hypervariable V3 loop region of HIV-1 
contain the STV env gene. 10 (HIB) gpl20. Twenty-two days after the initial 
The authenticity of the expressed SIV gene products (env immunization, the spleen cells of the experimental mice 
and gag) in Vero cells infected with the NYVAC/HIV were incubated with poxvirus infected stimulator spleen 
recombinants was analyzed by immiiiMfffecipitation as cells and assayed for memory CTL activity against peptide 
described above, except all samples were harvested at 17 pulsed targets as before. To determine secondary CTL 
hours post infection by the addition of 1 ml of 3xBuffer A. is activity. 29 days after the primary immunization mice 
Lysates from the infected cells were analyzed with pooled received a second inoculation of identical dosage and con- 
sera from SIV seropositive rhesus macaques or a mono- tent as the first Five days later, the spleen cells were assayed 
dona! antibody specific for gag p24 gene product (both for cytolytic activity against peptide pulsed targets. For 
obtained from Dr. Genoveffa Framiini. NO-NTH. Bethesda cytotoxicity assays. H-2* PS 15 murine mastocytoma cells 
Md.). - 20 were incubated overnight in medium (Minimum Essential 
Iinmunoprecipdtation with the SIV seropositive macaques Medium cctnaimng Earle's salts and supplemented with 
sera was performed in the following manner. The macaque 10% fetal bovine scrum, 2 mM L-glutamine. 100 U/ml 
sera was incubated with a protein A-sepharose at 4° C for penicillin, and 100 ug/ml streptomycin) with or without 20 
16 hours. After washing with buffer A. the sera bound to ug/ml V3 peptide (CNTRKRIRIQRGPGRAFVTGK. 
protein A sepharose was added to lysates precleared with 25 American Bio-Technologies. Inc.) (SEQ ID NO:79). The 
normal monkey sera and protein A sepharose. Following an following rncrning. the P815 cells were washed by centrifu- 
overnight incubation at 4° C the precipitates were washed gation and labeled for 1 hr at 37° C in 100 uG of Na 2 51 Cr0 4 
4xwitb buffer A and 2xwith LiQ/urea buffer. To dissociate per 2x10* cells. Intact spleens were asepticalry removed 
the precipitated protein from the antibody, the samples were from euthanized mice, bathed in ice cold Hank's Balanced 
boiled in 80 ul 2xLaemmli buffer for 5 minutes. The samples 30 Salt Solution, and disrupted into single cell suspensions 
were fractionated on a 12.5% gel using the Dreyfuss gel using a Stomacher blender. The spleen cell suspensions were 
system (Dreyfuss et aL. 1984). The gel was fixed and treated washed several times by low speed centrifugation and 
with 1M Na-salicylate for fluorography. All the recombi- resuspended in Assay Medium (RPMI 1640 containing 10% 
nants containing SIV genes were expressing the pertinent fetal bovine serum. 20 mM HEFES, 2 mM L-gliitaniine. 
gene products. The NYVAC recombinants vP873, vP943. 35 5x10"^ 2Hiiercag*oethanoi 100 U/ml pemcOhn. and 100 
vP948 and vP952 which contain the SIV env gene all ug/ml streptomycin). For memory CTL activity, the spleen 
expressed the authentic gpl40. However, it is difficult to cells from immunized mice were resuspended in Stimulation 
assess the processing of the gpl40 protein to the 112 kDa Medium (Minimum Essential Medium with Earle's salts 
and 28 kDa mature forms. No species with an apparent containing 10% fetal bovine serum. 2 mM L-glutamine. 
molecular weight of 140 kDa was precipitated by macaque 40 10 - *M 2-mercaptccthanoL 100 U/ml penicillin, and 100 
anti-STV sera from mock infected Vero cells, vP866 infected ugfrnl streptomycin) and stimulated in vitro in upright 25 
Vero cells and Vero cells infected with NYVAC/SIV recom- cm 2 tissue culture flasks with naive syngeneic stimulator 
binants not containing the STV env gene. Expression of the spleen cells that had been infected with one of the poxvi- 
SIV gag encoded gene prcducts by vP942. vP943. vP948. roses cr poxvirus recombinants After five days at 37° G. the 
and vP952 was demonstrated using the pooled sera from 45 cells were washed. cc*inted. and resuspended in Assay 
macaques infected with SIV and die monoclonal antibody Medium. 31 Quoinium labelled target cells were added to 
specific to the p28 gag component Expression of the entire titrated effector cells in 96-wefl nricrotiter plates for a 4 hr 
p55 gag protein without the pol region, which contains the 51 Cr release assay. Effector to target cell ratios (EfT) shown 
protease function, by NYVAC (vP948) in Vero cells is for the three assays were 100:1 (primary). 20:1 (memory), 
evident These results den^strate that lack of SIV protease so and 50:1 (secondary). I V rcent cytotoxicity was calculated as 
expression prevents the complete proteolysis of p55 into its described above, i.e.. (experimental 51 Cr release- 
mature form. This is demonstrated much more ckarfy when spontaneous 31 Cr relea se)/(maximum 5l Cr release- 
a monodonal antibody specific to p28 was used to precipi- spontaneous 51 Cr release)xl00. Maximum release was 
tate gag specific gene products from vP948 infected Vero determined by the addition of 5% sc<tium dedecyi sulfate to 
cells. Contrary to this result expression of SIV gag with the 55 target cells whOe spontaneous release was determined by 
pol gene (includes protease in vP°43 infected Vero cells) incubating target cells in the absence of effector cells. In 
enabled the expressed p55 gag precursor polypeptide to be none of the experiments presented did spontaneous release 
proteoiytlcally cleaved to its mature forms. of 3l Cr from target cells exceed 20% of irumimmi 5l Cr 
Expression of both the pl6 and p28 SIV gene products in release. Error bars in FIG. 7 represent 1 standard deviation 
vP942 and vP952 infected Vero cells was demonstrated 60 from the mean. P<0.05. Student's t-test cornpared to appro- 
using the pooled sera from macaques infected with SIV. priate vaccinia or canarypoxvirus irnnwwed mice. 
Using the monoclonal antibody specific to p24 obviously Cell Surface Phenotype of Cytotoxic Effector Cells. Mice 
only recognized the p28 expressed component spleen cells were iinmunized with vaccinia virus or canary- 
Certain Materials and Methods Which Relate to Examples pox virus vectors (NYVAC ALVAC) or with vaccinia virus 
6 to 8. 65 or canarypox virus recombinants expressing HIV TUB env 
Assay for Cytotoxic T Lymphocytes and In Vitro Stimu- (vP911. vCP112). A second inoculation was administered 30 
lation of Memory Precursors of Cytotoxic T Lymphocytes. days after the first Prior to addition to V3 peptide pulsed 
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targets, the spleen cells were treated with monoclonal anti- vitro stimulation or a second inoculation, the levels of 
bodies or alloantiserum to murine T-lymphocyte surface cytotoxicity of the spleen cells of mice given the canary- 
antigens in a two-stage protocol. Briefly, the spleen cells poxvirus recombinant increased and were comparable to 
were lesuspended at 10 7 viable cells per ml of Cytotoxicity spleen cells from mice similarly administered the NYVAC 
Medium (RFMI 1640 containing 0.2% BSA and 5 mM 5 recombinant No such cytotoxic responses were detected 
HEPES) to which was added alloanti-Thy 1.2 (Cedariane). from spleen ceDs of mice inoculated with the non- 
monodonal anti-CD4 (172.4. K. J. Weinhold. Duke Unfver- recombinant NYVAC or ALVAC vectors confirming the 
sity Medical Center), or monoclonal anti-Lyt 2.2 requirement for immunization with a poxvirus recombinant 
(Cedariane). After 30 min at 5° C the cells were washed and expressing the HIV env gene. Furthermore, no cytotoxic 
resuspended in the original volume of Cytotoxicity Medium, to reactivity was delected against unmodified P815 cells from 
divided into two equal portions with or without complement the spleen cells of any of the mice regardless of the inocu- 
(Rabbit Lo-Tox M. Cedariane) and incubated at 37° C for lation regimen. Thus, only mice inoculated with recornbi- 
45 min. The cells were then washed in Assay Medium and. nant NYVAC or. more significantly, recombinant ALVAC 
based on the pre-treatment cell densities, resuspended in expressing the env coding sequence from HTV-1 demon- 
volumes of Assay Medium approximating effector to target 15 strated V3-specific cytotoxic responses, 
cell ratios of 100:1 (primary). 10:1 (memory), or 80:1 

(secondary) before addition to a 5 hr 51 Cr release assay. EXAMPLE 7 

Error bars in FIG. 10 represent 1 standard deviation from the CHARACTERIZATION OF CYTOTOXIC 

mean s. EFFEfTTOR CELLS 

Specificity of CTL Antigen Receptor Recognition of the 20 

V3 Loop Region of HIV IITB gpl20. Cytotoxic T lympho- To determine the identity of the spleen cells associated 

cytes and memory precursors of cytotoxic T lymphocytes with the lysis of HIV-1 V3 peptide pulsed target cells, mice 

were generated by inoculation of mice with vCP112 as were immunized with vCPHZ After each immunization, or 

described above. Assays for cytotoxic T lymphocytes were in vitro stimulation 21 days after the first inoculation a 

performed as described above except that P815 target cells 23 two-step depletion procedure was performed, and the spleen 

were pulsed overnight with V3 peptide from HIV-1 HfB (CN cells were assessed for cytotoxicity against V3 peptide 

IJUOUfilORGPGRAFYTfiK) (SEQ ID NO:79). MN (CN pulsed P815 cells. Mice inoculated with the canarypox 

lgUOUIOGPGRAFVJTKN) (SEQ ID NO:80), or SF2 (CN vector ALVAC did not generate spleen cells capable of 

IJUCSIYJGPGRAFlfrrGR) (SEQ ID N031). Effector to killing peptide pulsed targets. Following a single 

target cell ratios were 100:1 (primary), 20:1 (memory), and 30 immunization. vCP112 induced spleen cells able to kill V3 

50: 1 (secondary). peptide pulsed targets. The lytic effector cells were sensitive 

Antibody Responses to HIV-1 (TUB) gpl20. The wells of to treatment with ann-murinc Thy 12 or Lyt 23. plus 

ELISA plates (Immulon IT) were coated overnight at 4° C complement and were resistant to anti-CD4. FIG. 10 shows 

with 0.5 ug of partially purified HIV-1 (HUB) gpl20 (Dr. G. the sensitivity of the cytotoxic effector cells from spleen 

Franchini. NCI-NTH. Bethesda. Md.) in carbonate buffer. pH 35 cells of mice immunized with vCP112 to antibodies against 

9.6. The plates were men washed with phosphate-buffered cytotoxic T lymphocyte cell surface antigens Thy 1.2 and 

saline containing 0.05% Tween 20 (FBST). The plates were Lyt Z2. Neither complement nor any of the monoclonal 

then blocked for 2 hr at 37° C with FBST containing 1% antibodies or alloantisera alone affected the cytolytic action 

bovine serum albumin (BSA). After washing with FBST. of these cells. Similar results were obtained five days after 

Sera Were initially diluted 1:20 With PBCT Containing 0.1% 40 * mmnrf immiimratinn «hnim^ww< nn Aay VV TVwfity-iYtifr 

BSA (dilution buffer). The sera were further 2-fold serially days after a single inoculation, in vitro stimulation with 

diluted in the wells of the ELBA plate. The plates were vCP112 infected syngeneic spleen cells gave rise to lytic 

incubated at 37° C for 2 far and washed with FBST. effector cells only partially sensitive to anti-Thy 1.2 

Horseradish peroxidase conjugated rabbit ami-mouse immu- although completely sensitive to anti-Lyt 22 and resistant to 

noglobulins (DAKO) was diluted 1:2000 in dilution buffer 45 anti-CD4. These Thy 1.2-. CD4-. Lyt 2J2-t«ffector cells are 

and added to the wells of the ELISA plated and incubated at not seen following in vitro stimulation with vP911 of spleen 

37° C. for 1 hour. After washing with FBST. OPD cells from vCP112 inoculated mice. Nonetheless, it is dear 

(o-phenykuiediamine d^hydrochloride) in substrate buffer mat HIV V3 loop specific cytotoxicity was mediated by a 

was added and the color was allowed to develop at ambient population of T lymphocytes expressing Thy 1.2 and Lyt 2£. 

temperature for about 20 min. The reaction was extinguished so but not CD4. This cdl surface phenotype is characteristic of 

by the addition of 2.5M H^SCV The absarbance at 490 nm classical cytotoxic T lymphocytes, 
was determined on a Bio-lex EL-309 ELBA reader. The 

serum endpoint was denned as the reciprocal of me dilution EXAMPLE 8 

giving an Abso^ value erf OA SFEOTTCTTY OF CTL ANTIGEN RECEPTOR 

EXAMPLE 6 RECOGNITION OP THE V3 LOOP REGION OF 

HTV gpl20 

ExSSTS^S^SSScllC To examine the of cytotoxic cens BU«* * 

CYTOTOXIC T LYMPHOCYTE ACTTVirY „ ^^^T^^it ^JZ^T^ ^ < 

60 susceptibility to CTL activity was compared among P815 

Seven days after the initial inoculation with the HIV target cells pulsed with peptides corresponding the V3 loop 

canaiypoxvirus recombinant (vCP112; defined in Example region of gpl20 of HIV isolates HIB. MN. or SF2. HIV 

2). cytotoxic responses of spleen cells against HIV V3 specific primary CTL activity was confined only to P8L5 

peptide pulsed target ceils were roughly equivalent to the target cells pulsed with peptide corresponding to the V3 loop 

cytotoxic responses elicited by the same dose. 5xl0 7 pfu. cf 65 of HIV isolate HIB, but not target cells pulsed with peptides 

the NYVAC recombinant. vP911 (Example 2) expressing corresponding to the V3 loop region of gpl20of HIV isolates 

the same HIV env gene (FIG. 7). Following appropriate in MN or SF2. as shown in FIG. 8 which illustrates the 
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specificity of cytotoxic T lymphocyte antigen receptor for ID NO:83) (5 - ATC ATCGAGCTCTGTTCCTTGGG- 

the HIV DIB hypervariable V3 loop of gp!20. but not for the TTCTTAG-3') and HIVMN3P (SEQ ID NO:8 4) (5*- 

V3 loop of HIV MN or SF2. Similar results were obtained ATCATCTCIAGAArAAAAAITArAGC^^ 

with in vitro stimulated, HIV specific memory CTL activity CCAAGCC-3*) followed by digestion with Sad and Xbal 

and secondary CTL activity induced by immunization with s This fragment was co-ligated into pBS-SK digested with 

the ALVAC recombinant vCPHZTTius. HIV specific CTLs BctM Xbal with a 404 bp EcoRI/SacI fragment The 

elicited by a recombinant canarypox virus expressing the 404 bp fragment was derived by PGR with pMNl.8-9 as 

env gene of HIV isolate IIIB recognize only target epitopes ^^^^^^ HIV3B1 (S^ H> N032) 

derived from the same antigenic isolate. These results i!£ AX rf^ 

clearly indicate the exquisite specificity of the rymphocyte 10 ATC/^CGAGCTCC^CGCTGCTC^ The resultant 

effector cells general by irnimwization with the HIV plasmid ™ ***f^ P BS3MN. 

canarypox virus recombinant and eliminate such nonspecific Tlie L026 bp BcoRI/Kpnl fragment from pBSMIDMN 

effects mechanisms as natural killer (NK) cell activity. was inserted into the 4315 bp pBS3MN digested with 

EcoRI/Kpnl to generate pBSMID3MN. This plasmid con- 

EXAMPLE 9 15 taus most °f the env gene except the 5*-most region. Hie 

vaccinia virus H6 promoter (Goebel et at. 1990aJ>) and the 

ANTIBODY RESPONSES OF MICE 5 -most region of the env gene were obtained by isolating a 

INOCULATED WITH NYVAC- and ALVAC- 318 bp Kpnl fragment from pBSH6HIV3B5P (defined in 

BASED HIV RECOMBINANTS Example 2). This fragment was ligated into KpnL7ChaI 

2q digested PBS-SK along with the 2.9 bp Kpnl/Xbal fragment 

To evaluate humoral responses to HIV. mice were immu- from pBSMID3MN. The resultant plasmid was designated 

nized at day 0 with a NYVAC HIV recombinant or canary- ^ pHoHMNE. 

poxvirus (ALVAC) recombinant and received a secondary 2.7 kb NruVXbal fragment from pH6HMNE. con- 

umm ^™ VZ? ^ ^ T**^ * VanCUS taiiimgtheeiitiieHIV.l(MW 

nitervals through 20 weeks after the initial inmiunizatoiL ^ 26 bp of the H6 remoter. waTttunt^nded and 

Pooled sera from each tr^toent group wore assay ed for insaied into Nrul^mal digested pSFHAHG. This generated 

antibodies to HIV by ELKA enjoying punned gp 120* piasjnid pHA HIVMNR Plasmid pSPHAH6 was curved as 

anu^n; the results arcshownto FIG 9 which provides die follows> pMP2 vCL (comaimng a pdylinker region 

anybody responses to fflV JBB gpl20< va£dnia ^ of me K1L host range 

n^v^ *> gCnC > *» ***** **** to P^yliitowimHMI^ 

nant vP911 or ALVAC recombinant (vCP112) expressing ^ ligated to annealed digonucteotides SPHPRHAA 

mv-l env, wherein Jh<r mverted trUngic ix^«^« uie time through D (S PHPRHA A (SEQ ID NO:86) 
of administration of the second inoculatooiL Primary anti- 5 -AGCITCTITAITCrrArACITAAAAACTGAAAAr. 
body responses were generally modest but detectable. Fol- AAATACAAAGGTTCTTGAGGGT - 3'SPHPRHA B 
lowing the secondary immunization, the antibody titers of (SEQ ID NO'87) (5* 

imceimmiu^ 35 TGTGTTA AATTG AAAGCGAGA AATAAT- 

peaked at week six with titers of over lO.OOa These anti- C ATA A AT T ATT T C AT TAT C G C G AT AT C - 
body titers remained at approximately the same levels CGTTAAGTTTG TATCGTAC-J) SPHPRHA C (SEQ ID 
throu^out *e dunrfon of the stody Thus an ALVAC HIV N0:gg) O^TTAjTAGTAnTAATAAAGTAATAGCG- 
recomr^nant. vCP112. was capable of inducing a significant ^ CTATAGGCAATTCAAACAIAGCAIt}AGCT-5*) SPH- 
antibody response. PRHA D (SEQ ID NO:89) (3'- 

Inoculation of mice with ALVAC expressing the env gene AGAAATAAGATATGAAITTTTCACITTTATTTArG- 
af HIV-1 elicits spleen cell reactivity with characteristics of TTTCC AAG AACTCCC AACACAATTTAA- CTT 
cytotoxic T lymphocytes: the requirement for iimminization, TCGCntn^ generating pSP126 containing a Hindni site; 
cell surface phenotype, memory, and elegant epitope speci- tf H6]ran0ta -124 through -1(IY^ 
ficity. Furthermore, antibody responses to HIV-1 gpl20 are KpnL ^™t i Sad and EcoKI sites, 
induced by inoculation with this ALVAC recombinant. Plasmid pSD544 (containing vaccinia sequences sur- 

__ A __ I R m rounding the site of the HA gene replaced with a polylinker 

EXAMPLE' 10 region and translation termination codoas in six reading 

DERIVATION OF NYVAC- AND ALVAC-BASED 50 frames) was digested with Xhol within the poly linker filled 
HIV-1 RECOMBINANTS AND EXPRESSION OF * ™* ^™ * J "f? 

HIV-1(MN) env BY ALVAC AND NYVAC ^^^^^^ ^^f^i^ 

v HindQL treated with Klcnow and the H6 promoter isolated 

fflV-l(MN) env sequences were derived from plasmid by digestion with SmaX Ligation of the H6 promoter frag- 

pMNl.8-9 and pMNl.8-10 which contain a 1774 bp and 55 men! to pSD544 generated pSPHAH6 which contained the 

1803 bp subfragment from a genomic cDNA clone of H6 promoter in the polylinker region (in the direction of HA 

HIV-1(MN), respectively. These plasmids were provided by transcription). This insertion plasmid enables the replace- 

the laboratory of Dr. R. C Gallo (Nd-NIH). A 1.026 bp menl of the vaccinia HA gene (A56 ; Goebel et aL 199QaJb) 

Kpnl/EcoRI fragment was derived by anmlirying these wim foreign genetic material, 

sequences from pMN 1.8-9 by PGR using oHgooudeotides « The C5L insertion plasmid was derived as follows. Using 
HIVMN6 (SEQ ID NO:82) (5'- the cosmid vector pVK!Q2 (Knauf and Nester. 1982). a 
GGGTTAjTAArGArcTGTAG-3*) and HIV3B2 (SEQ ID genomic library for vCP65 (ALVAC-based rabies G rccom- 
N039) followed by digestion with KpnVBcoRL This frag- binant with rabies in C5 locus) was constructed. This library 
ment was inserted into pBS-SK digested with Kpnl and was probed with the 0.9 kb PvuH canarypoxvirus genomic 
EcoRI to yield pBSMIDMN. « fragment contained within pRW764.5 (C5 locus). These 

A 1.028 bp Sall/Xbal fragment was derived from canarypox DNA sequences contain the original insertion 
pMNl.8-10 by PCR using oligonucleotides HIVMN5 (SEQ locus. A clone containing a 29 kb insert was grown up and 
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designated pHCOSl. From this co&mid containing C5 contains a poxvirus expression cassette for HIV-l(MN) 

sequences, a 33 kfo Cla fragment was subcloned. Sequence gpl20 in pBS-SK and was designated pBSHIVMN120. 

aiiarysis from ausOal fragment was used to extend the map a 1.7 Kb Xbal/partiai Kpnl fragment was isolated and 

of the CS locus from 1-1372. inserted into pC5L digested with KpnI/XbaL The resultant 

The CS insertion vector. pC5L. was constructed in two 5 plasmid was designated as pC5HIVMN120. The insertion 

steps. The 1535 bp left arm was generated by PCR ampli- plasmid for integrating the HIV-1(MN) gpl20 gene into 

fication using oligonucleotides C5A (SEQ ID NO.-90) (5- NYVAC was obtained by first isolating the 1.6 kb NruV&nal 

ATCATCGAATTCnXjAArGTTAAAnnTArA fragment from pBSHTVMN120. This fragment was inserted 

and C5B (SEQ ID NO:91) (5*- into pSPHAH6 digested with Nrul and Smal to provide 

GGGGGTACCTTTGAGAGTACCACTTCAG^3'). The w pHAHIVMN120. 

template DNA was canarypoxvirus genomic DNA. This Insertion plasmids. pC5HIVMK120 and 

fragment was cloned into EcoRI/Smal digested pUC& The pHAHIVMN120. were used in rcramhination experiments 

sequence was cotifirmed by standard sequencing protocols. with ALVAC (CPpp) and NYVAC (vP866) as the rescuing 

The 404 bp right arm was generated by PCR amplification virus. These assays and plaque identification and purifica- 

using oligonucleotides C5C (SEQ ID NO:92) (5'- " tion were performed by standard procedures (Piccini et aL. 

ATCATCCTGCAGGTAITCTAAACTAGGAArAGArG- 1987). Hybridization analyses were performed with a radio- 

3') and C5DA (SEQ ID NO:93) (5'- labeled HIV-1(MN) gpl20-specific probe. Purified recom- 

ATC^CCTGCACXnAITCTAAACrAGGAATAGArG- binants were amplified. The ALVAC-based HIV-1(MN) 

3). This fragment was then cloned into the vector previously gpi20 recombinant was designated as vCP124 and the 

generated containing the left arm digested with Smal/PstL 20 NYVAC-based HTV-1(MN) gpl20 recombiiiant as vP10O4. 

The entire construct was confirmed by standard sequence infe cted with vCP124 and vP1004 were analyzed 

analysis and designated pC5L. This uisertion plasmid for ^ ^ of mc Iccon3b ^ expressed HIV-l(MN) 

enables the insertion of foreign genes into the C5 locus. gp 12 o by mimunofiuorescence and inmmnoprecipitation. 

The 2.8 kb Xbal/partial Kpnl fragment from pH6HMNE These assays were performed as previously described 

was isolated and inserted into pC5L digested with Xbal and ° (Taylor et aL, 1990) using a pooled human sera from 

Kpnl. The resultant plasmid was designated as HIV- seropositive individuals (obtained from K. Steimer. 

pCSfflVMNE. Chiron Corporation. Emeryville. Calif.). Resuhs from these 

Plasmids pHAHIVMNE and pC5HIVMNE were used in studies clearly indicated that cells infected with either 

vitro recombination experiments with NYVAC (vP866) and ^ vCP124 and vP1004 contained HIV-1(MN) gpl20. whereas 

ALVAC (CPpp). respectively, as the rescue virus. These gpl20 was not observed in uninfected cells and cells 

were done by standard procedures (Piccini et aL* 1987). infected with parental viruses. ALVAC and NYVAC. 
Plaques derived from recombinant vims were identified by 

plaque hybridization using a radiolabeled env-specific DNA EXAMPLE 12 
probe (Piccini et al.. 1987). After three rounds of plaque „ 

purification, the recombinant viruses were ainphnedTne 33 EXPRESSION OF A NON-CLEAVABLE FORM 

NYVAC-based HTV-1(MN) env recombinant was desig- OF H^" 1 BP 160 BY ALVAC AND NYVAC 

nated vP1008 and the ALVAC-based recombinant vCP125. u 0^ to express a non-cleavable form of the HIV-1 

Recombinant viruses, vCP125 and vP1008> were ana- (USB) gpl60 an arginine to threonine mutation was engi- 

lyzed for expression of the HIV.1(MN) env gene by immu- 40 neered at amino add 511 (Ratner et aL. 1985) as was 

nofluorescence and imnmncprecipitation using previously demonstrated by Guo et aL (1990). These modifications 

reported procedures flayior et aL. 1990). Pooled human sera were made to decrease the shedding of gpl20 from the 

from HTV-scroposirive individuals (obtained from Dr. K. surface of ififiyf^ cells. These manipulations were per- 

Steimer. Chiron Corp.. Emeryville, Calif.) was used in these formed as follows. A 376 bp PstVXbal fragment was 

assays. Results from iinmunofluorescence revealed that cells 43 obtained by first amplifying the sequences from 

infected with either vCP125 or vP1008 express the HIV-1 pBSrTJV3BEII (described in Example 2) using oligpnucle- 

(MN) gene product on their surface. InmumoprccirAtation otides HIV3B2A (SEQ ID NO:96) (5*- 

from lysates prepared from vP1008 and vCP125 infected GAAATAArAAAACAATAATC-3*) and HIVECB (SEQ ID 

cell* rfwwftngtnilprf fli* piwrm of ttir^ jwrftofrpfmnt ff|V- NO 1 97) (5'* 

1-specific proteins with apparent molecular masses of 160 50 GCTCCTVVrTCCCACTGCAGTrTTTTCTCT 
kDa, 120 kDa. and 41 kDa* respectively. These are consis- 3*) followed by digestion with PstI and XbaL This fragment 
tent with expression of the precursor envelope glycoprotein was ligated with a 1.061 bp PstVXbal fragment and a 4.5 kb 
(160 kDa) and the proteolytically derived mature forms (120 EcoRI/Xbal fragment from pBSHIV3BEII to yield 
fcDa and 41 kDa). pBSHIV3BEEC 

uvamdi d 11 53 The central region of the Hantaan virus S segment was 

EXAMPLE 11 generated by PCR using oligonucleotides T5HT3PPS (SEQ 

^^Z^A^^S^ "™ ^ (5XnXXTGCAGGATGGAAAAGAATGC^ 

WXVAtAWUALVAL ^ HTS55pN (SfiQ ID NO: 99) (5'- 

A 391 bp EcoRI/Xbal fragment was amplified from 60 (3GGGGAGGCAAACTACCAAGG-3') and the S~ specific 
pBS3MN using oligonucleotides T7 (SEQ ID NO:94) (5*- cDNA done as template. The 581 bp fragment contains a 
AATACGACTCACTAXAG-3') and HTVMN120 (SEQ ID PstI site at its 3' end and the 5' end includes the Ncfl site of 

NO:95) ( 5 ' - ATC AT CT CTA G A AT- position 499 of the S segment (Schmaljohn et al.. 1986). 

AAAAAiTAIXnTriTTCTCTCrGCAC^ fd- Furthermore, using the oligonudc»tideT5HT3PPS (SEQ ID 

lowed by mgestion with EcoRIaiKiXrjal TO 65 NO:98) eliminates the T5NT element at position 1029 to 

ligated to the 4.2 kb EcoRI/Xbal fragment derived from 1035 without altering the amino acid sequence. This frag- 
pH6HMNE (defined in Example 10). The resultant plasmid ment was then digested with Nc3 and PstL The PCR 
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fragment containing (he 5' end of the coding sequence fused 
to the H6 promoter (HindlE/Ncfl digested above) was 
ligated into pBS-SK digested with HindHI and PstI along 
with the 581 bp Ncfl/Rsfll fragment containing the central 
region of the S segment The resultant plasmid was desig- 
nated pBSHTSH65P. 

The 3* most 438 bp of the S segment was derived by PCR 
using oligonucleotides HTS3PXBA (SEQ ID NO: 100) (5'- 
ArCATCTCTAGAATAAAAAITAGAGTTTCAAAGGC- 
3') and T5HT5PSP (SEQ ID NO: 101) (5 ( - 
CGCCAGCATGCAGAAGCAGC-3) and the S-speciflc 
cDNA clone as template. The 5* end of this fragment 
contains the PstI site situated at position 1039 of the S 
segment coding sequence (Schmaljohn et aL. 1986) and the 
3* end contains a T5NT sequence motif and a unique Xbal 
prior to insertion into PsttfXbal digested pBS-SK to yield 
pBSHTS3P. 

To generate the entire S segment expression cassette, a 
1122 bp Pstl/partial HindHI fragment was derived from 
pBSHTSH56P. This fragment was co-inserted into HindHI/ 
Xbal digested pBS-SK with a 290 bp Pstl/Xbal fragment 
from pBSHTS3P The resultant plasmid was designated 
pBSHVS by linearization with Xbal followed by a partial 
HindHI digestion. 

The 2.6 kb Nrul/Xbal fragment from pBSHIV3BEEC. 
containing the 3-most 26 bp of the H6 promoter linked to 
the gpl60 cassette, was isolated and ligated to a 3.0 kb 
NruVXbal fragment ofpBSHVS to yield pBSHTV3BEECM. 
Digestion with Nml and Xbal excises the 3 -most 26 bp of 
the H6 promoter and the Hantaan virus S sequence. The 3.0 
kb NnuTXbal fragment contains the 5Vmost 100 bp of the 
H6 promoter in a PBS-SK plasmid. 

The 2.8 kb Xbal/partial Kpnl fragment from 
pBSHIV3BEECM was ligated to XbaUKpnl digested pCSL 
to yield pC5HF/3BEEC. A 2.7 kb Nrul/Xbal fragment from 
pBSHIV3BEECM was blunt-ended with the Klenow frag- 
ment of the £ coli DNA polymerase and inserted into 
NruVSmal digested pSPHAH6 to yield pHAHTV3BEEC 

The insertion plasmids. pC5HIV3BEEC and 
pHAHIV3BEEC were used in in vitro recombination 
experiments by standard procedures (Piccini et aL, 1987) 
using ALVAC (CFpp) and NYVAC (vP866> respectively, as 
rescue virus. Recombinant plaques were identified by stan- 
dard plaque hybridization analysis (Piccini et aL. 1987) 
using a radiolabeled probe specific for the HIV-1 env gene. 
Recombinant viruses were amplified following three rounds 
of purification. The recombinant ALVAC-based HIV-1 (IBB) 
gpl60 (non-cleavable) was draignatrxl as vCP126 and the 
NYVAC-based equivalent as vP1020. 

Imrmmofluorescence and imnmnoprccip i tation analyses 
were performed by previously described procedures on 
vP1020 and vCP126 infected cells using pooled human 
scrum from HW-seropositive individuals (obtained from K. 
Stcimer. Chiron Corp., Emeryville, Calif.). Immmic^uores- 
cence results clearly demonstrated the surface expression of 
the HIV-1 (DIB) gpl60 (noo-cleavahle form) on me surface 
of cells infected with either vCP!26 or vP1020. 
Furthermore. itxmnraoprecq&atBon results demonstrated the 
presence of a HIV- 1(IDB) gpl60 in these infected cells that 
was not proteolyticalry cleaved into the mature gpl20 and 
gpil frames. 

A non-cleavable form of the HIV-1(MN) gpl60 was also 
pursued and the recombinant viruses obtained as follows. 

APstl/Xbal fragment was obtained by PCR ainplification 
from pH6HMNE (described in Example 10) using oligo- 
nucleotides HIVMN3P (SEQ ID NO: 102) (5'- 
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ATCATCTCTAGAATAAAAATTATAGGAAAGCCC- 
TTrcCAAGCC-3 , ) and HIVECA (SEQ ID NO:103) (y- 
GTGCAGAGAAAAAACTGCAGTGGGAATAGGAGC- 
3') followed by digestion with PstI and XbaL This 1061 bp 
5 fragment was ligated with the 391 bp EcoRVPstl from 
pBSHIVMNT (described in Example 13) and the 4.2 kb 
EcoRIOCbal fragment from pH6HMNE (defined in Example 
10). Hie resultant plasmid was designated as pBSHIVM- 
NEEC 1 . Sequence analysis of the HIV env insert demon- 

10 strated that a single nucleotide was missing (between the 
Sad and Xbal sites). To correct this, the following manipu- 
lations were performed. The 1.028 kb Sacl/Xbal from 
pH6HMNE was used to substitute for the corresponding 
fragment from pBSHIVMNEEC resulting in the formation 

15 of pBSHIVMNEEC 

The 2.6 NnuTXbal fragment from pBSHIVMNEEC was 
isolated, blunt-ended with Klenow. and inserted into Nrul/ 
Smal digested pSFHAH6 (defined in Example 10). The 
resultant plasmid was designated pHAHIVMNEEC Hie 2.6 

20 kb NnuTXbal fragment from PBSHIVMNEEC was also 
inserted into NnuTXbal digested pVQH6C5LSP6 (below) to 
yield pCSHIVMNEEC. 

Insertion plasmids. pHAHIVMNEEC and 
pCSHIVMNEEC. were used in standard recombination 

25 experiments (Piccini et aL, 1987) with NYVAC (vP866) and 
ALVAC (CPpp). respectively, as rescue virus. Recombinant 
virus was identified and plaque purified by standard plaque 
hybridization (Piccini et aL. 1987) using a radiolabeled HIV 
eav-specific DNA probe. Purified recombinant virus were 

30 then amplified. The NYVAC-based recombinant containing 
the HIV-1 (MN) non-deavable gpl60 was designated as 
VP1078 and the ALVAC equivalent vCP144. 
Expression analysis of vCP126 and vP1078 was per- 

33 formed as described above. These results demonstrated that 
expression was qualitatively equivalent to the HTV-1(HIB) 
counterparts, vP1020 and vCP126. 

EXAMPLE 13 

40 EXPRESSION OF A NON-CLEAVABLE. 

SECRETED FORM OF HIV-1 env BY ALVAC 
AND NYVAC 

ALVAC- and NYVAC-based recombinant viruses were 

45 generated which express an HIV-1(MN) env that is not 
proteolyticalry cleaved and is secreted by virtue of the 
elimination of the transmembrane sequence near the carboxy 
terminus of the gene product A 502 bp PsU/Xbal fragment 
was obtained by first amplifying these sequences from 

30 pH6HMNB (defined in Example 10) using oligonucleotides 
HIVECA (SEQ ID NO:103) and HIVMNT1 (SEQ ID 
NO: 104) (5*-ATCATCTCTAGAATAAAAA- 
TTACAAACrrGCCCATTTAItXZAAITCC-3') followed 
by digestion with PstI (5*-end) and Xbal (3'-end). This 

35 fragment corresponds to nucleotm^ (Ratneret 
aL, 1985). This fragment will serve as the 3*-cndof the env 
expression cassette. As such, the env gene product will lack 
the transmembrane region, will be terminated by a termina- 
tion codon rxxmd^ by oligonucleotide HIVMNT1 (SEQ ID 

60 NO: 104). and will not be cleaved due to an amino change at 
511 (defined in Example 12) provided using oligonucleotide 
HIVECA (SEQ ID NO:103). This 502 bp fragment was 
ligated to the 391 bp EcoRl/Fstl fragment derived by PCR 
from pH6HMNE using oligonucleotides HIV3B1 (SEQ ID 

65 N032) and HJVECB (SEQ ID NOS7). and the 4.2 kb 
EcoRVXbal fragment to pH6MNE. The resultant plasmid 
was designated pBSHIVMNT. 
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The 2.2 kb Xbal/partial Kpnl fragment from following manipulations were performed. A 200 bp frag- 

pBSHIVMNT was isolated and inserted into pC5L digested meat corresponding to the 3 -most region of the gpl20 

with Xbal and KpnL The resultant plasmid was designated coding sequence was derived by PCR from pH6HMNE 

as pCSHIVMNT. The NYVAC insertion plasmid was (defined in Example 10) using oligonucleotides HTV3B1 

derived by isolating the 2.1 kb NmVXhal fragment from 5 (SEQ ID NO.32) and HIVMN18 (SE Q ID NO: 106) (5- 

pBSHIVMNT. This fragment was then blunt-ended with the GCCTCCTACTATCAITArG AATAATCTrnTCrCTC- 

Klenow fragment of the E. coli DNA polymerase in the TG-3'). This fragment was fused by PCR to annealed 

presence of 2 mM dNTPs and inserted into pSPHAH6 oligonucleotides HIVTM1 (SEQ ID NO: 107) (5*- 

digested with Nrul and Smal to yield pHAHIVMNT TTATTCATAATGATAGTAGGAGGCTTGG- 

Thc insertion plasmids. pC5HIVMNT and to T A G GTTTA A G A ATA GTTTTT G CT G - 

pHAHIVMNT were used in standard recombination expert- TACTCTCTGTAGT GAATAGAGTTAGGCAGGGATAA- 

ments (Kcdni et al„ 1987) with ALVAC (CFft>) and 3') and HIVTM2 (SEQ ID NO:108) (5'- 

NYVAC (VP866). respectively, as the rescue virus, Recom- TTATCCCTGCCTAACTCTAITCACTACAGAGAGTA- 

binant virus was identified by standard plaque hybridization CAGCAAAAACTATTCTTAAACCTACCAAGC 

assays (Ficcini et aL. 1987) using a radiolabeled HIV 15 CTCCTACTArCATTArGAATAA-3*) using oligonucle- 

env specific probe. Recombinant virus was subjected to ©tides HTV3B1 (SEQ ID NOJ2) and HTVTM3 (SEQ ID 

three rounds of purification prior to amplification. The NO: 109) (5-ATCATCTCTAGAATAAAAATTATCCC- 

ALVAC-based HIV-1(MN) env (non-cleavable; secreted) TGCCTAACrCTATTCAC-3*)- Oligonucleotides fflVTMl 

was designated as vCP120 and the NYVAC equivalent as (SEQ ID NO: 107) and HTVTM2 (SEQ ID NO: 108) corre- 

V P994. 20 spond to nucleotides 7850 to 7934 (Ramer et aL. 1985) and 

Inmiuiwpredpitation analyses were performed as previ- represent the region encoding the HIV env hydrophobic 

ousfy described (above) for vCP120 and vP994 infected andlor sequence. Fusion with HIVTM3 (SEQ ID NO:109) 

ceils using pooled human sera from HlV.seroposmve indi- engineers the T-end ofthe eventual cassette with a termi- 

viduals. Both vCP120 and vP994 expressed an HIV-1(MN) nation 00(1011 ^ a 3 fXbaI ate - ™ ««vcd fragment was 

env.specific gene product with a molecular weight consis- * digested with EcoRHXbal and ligated to pH6HMNE 

tent with a non^cleavable, truncated gene product. with EcoRI and Xbal to yield pBSHIVMN120T. 

Furmermore. iminunopredpitation of the cell-free medium The 1.7 bk Nrul/Xbal fragment from pBSHlVMN120T, 

from vCP120 and vP994 infected cell cultures indicated the containing the 3-most 26 bp of the H6 promoter and the 

secretion of this env gene product entire HTV-1 cassette, was isolated and inserted into the 5.1 

AsimEarcoristructioD wasengiiieeredfarthe HIV-l(inB) 30 NnuVXbal fragment from pVQH6C5LSF6 to derive 

env. The foUowing rnanipulatioris were performed to accom- pC5HIVMN120T. The plasmid pVQH6C5LSP6 was 

plishthis.A487bpPstVXbaIfragme^ derived as follows. 

amplifying these sequences from pBSH6HIV3B5P (defined pCSL (defined in Example 10) was digested within the 

in Example 2) using oligonucleotides fflVECA (SEQ ID polyHnker with Asp718 and Noll treated with alkaline 

NO: 103) and HIV3BT (SEQ ID NO: 105) (5*- 35 phosphatase and ligated to kinased and annealed oligonucle- 

ArCATCTCTAGAATAAAAArTACAAACiTGCCCA- otides CP26 (SEQ ID NO:110) (5 f - 

TITA^C^AA^rcC-3 , ) followed by digestion with PstI and GTAOGTCACTAAITAGCrArAAAAAGGArCCGGrA- 

Xbal A 397 bp EcoRI/PstI fragment was isolated from CCCTCGAGTCTAGAATCGATCCC- GGGTTTT 

pBSHIV3BEEC and a 4.2 kb EcoRI/Xbal fragment was TATCACTACnTAATCAC^) and CP27 (SEQID NOtlll) 

isolated from pH6HIDBEM. These three fragments were 40 (5-GGCCGTGAITAACTAGTCAr- AAAAAC CCGG- 

ligated together to yield pBSHIV3BTl. Plasmid GATCGAITCTAGACTCGAGGGTACCGGArCCiTTT 

pHoHmBEM was derived from pBSfHV3BEII (defined in TATAGCTAATTAGrCAC-3*) (containing a disabled 

Example 2) by digestion with Kpnl to liberate a second copy Asp718 site, translation stop codons in six reading frames, 

of the H6 promoter linked to the 5* portion of the fflV-l vaccinia early transcription termination signal (Yuen and 

(IDB) env gene. The 5.4 kp Kpnl was then religated to form 45 Moss, 1987), BamHL KpnL XhoL XbaL Qal and Smal 

pBSHIV3BEIL restriction sites, vaccinia early tianscrfption termination 

The 2.1 kb and 2.9 kb fragments derived by HindllVXbal signal, translation stop codons in six reading frames, and a 

digestion of pBSHIV3BEECM were ligated to the 105 bp disabled NotI site) generating ptesrmd pC5LSR 

Hindm/Xbal fragment from pBSHIV3BTl to yield ^ pC5LSP was digested with BamHI and ligated to 

pBSHIV3BT. This plasmid was digested with Nrul and Xbal annealed oligonucleotides CP32 (SEQ ID NO: 112) (5*- 

to excise a 2.1 kb fragment This fragment was blunt-ended G ATCTTA ATTA ATTA GTC ATC AG - 

and inserted intopSPHAH6 digested wim Nrul and Smal to GC AGGGCG AG AACGAGACTATCT- 

generate pHAHTV3BT GCTCXjiTAATIAArTAGCT CGACG-3*) and CP33 (SEQ 

The p* flqT »'d pHAHIV3BT was used in recombination 35 ID NO: 113) (5*- 
experiments, as above, with NYVAC (vP866) as the rescue GATCCGTCGACCTAATTAATTAACG AG- 
virus. Recombinant virus was identified and purified as CAC ATAGT CTCGTTCTCGCCCTGCCT- 
above and the resultant recombinant was dftrfgnarwi as GATGACTAAiTA ATTAA-3*) to generate pVQC5LSP6- 
vP1036. This recombinant had all the expression character- The 1.7 kb Nrul/Xbal fragment from pBSHIVMN12(rr 
istks noted above for vCP120 and vP994. & was also blunt-ended and inserted into pSPHAH6 digested 

c , , wim Nrul and SmaL The resultant plasmid was designated 

EXAMPLE 14 as pHAfflVMNOOT. 

EXPRESSION OF HIV4(MN)gpl20 Insertion plasmids, pC5HIVMN120T and 

ANCHORED WITH A TRANSMEMBRANE pHAfflVMN120T. were used in standard recranbmation 

SEQUENCE BY NYVAC AND ALVAC M experiments (Piccini et aL. 1987) with ALVAC and NYVAC. 

To fuse the env region encoding the gpl20 to the region respectively, as the rescue virus. Recombinant virus was 

encoding the hydrophobic transmembrane sequence, the identified and purified by standard plaque hybridization 
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(Picrini et aL 1987) using a radiolabeled HIV-1 gpl20- of pHIVG3. The piasmid generated by this manipulation is 

specific DNA probe. The pure populations were amplified called pHIVG4. 

and the ALVAC-based anchored HIV-1(MN) gpl20 recom- pHIVG4 was used in recombination experiments with 

trinant was designated vCP138. The NYVAC-based equiva- V P866 (NYVAC) as the rescuing virus to yield vP969. 

tent was designated vP1035. 5 ^^^^^0,, aaarysis was performed to deter- 

Iouiuinofluorescence and mimunoprecg>itation analyses mine whether vP969 expresses authentic HIV-1 gag precur- 

were performed by standard procedures (above) to evaluate sor protein. 

expression of the HIV-1(MN) anchored gpl20 in vP138 and Lysates from the infected cells were analyzed for HIV-1 

VP1Q35 infected cellsJThe a^ were^ccmed using precursor expression using pooled serum from HIV-1 

pooled human sera from HIV-seropositive individuals 10 wZJ~~M*m t»Ai»iAw,+i. /^+~:~LJt tfw»~ v~~*~jn- 

V?, . . fr _ v «. t r*«™«r«w w^r^iiu seropositive individuals (obtained from Chiron, Emeryville. 

(obtained from Dr. K. Steamer, Chiron Corp.. EnKryvdle. ^ ^ m was pieadsc^ with V P86* Mected Vero 

Calif.) ^ cells. The preadsorbed sera was bound to Protein 

™ V ^ 1035 ^ ^ ^f 1 *? A-sepharose m an overnight incubation at 4* C Following 

fflV-l(MN) gpl20 inmeplasma memtaane. &gnificandy. ^ £ was washed 4 xwith 

^*JT^?1?*}?» wJlL 035 . ^ lxbuffer A. Lysates predeared with normal human sera and 

was enhanced compared uif ected with re^mbmant otdn A.sepharose were then incubated overnight at 4° C 
viruses (us. vCP125, vCPm vP1004 and vPlOOS) £ m me ^seropositive human sera bound to protein 
expressing gpl60 or a nc*-anchored^l20. Results from ^^^^ ^ ^ overnight incubation period, the 
immunopre^^ expression of s^^^ washed 4xwim 1 xbuflfer A and 2xwith a 

gpl20 in yOT38 and vP1035 iirfec^Us and that the 20 ^ Precipitated proteins were dissociated 

expressed product was of the expected molecular rmss. from the immune complexes by the addition of 
EXAMPLE 15 2xLaemmli , s buffer (125 mM Iris (pH6.8). 4% SDS. 20% 

glycerol, 10% 2-mercaptoethanol) and boiling for 5 min. 
GENERATION OF NYVAOHIV-1 GAG 25 Ptotcins were fractionated on a 10% Dreyfuss gel system 

(PROTEASE") RECOMBINANT (Dreyfuss et aL. 1984), fixed and treated with 1M 

Na- salicylate for fluorography. 
Piasmid pSD542 (a NYVAC TK locus donor piasmid; see Human sera from HIV-1 seropositive individuals specifi- 
Example 5) was derived from piasmid pSD460 (Tartaglia et cafly precipitated the HIV-1 gag precursor protein from 
at, 1992) by forming vector plasmids pSD513 as described V P969 infected cells, but did not precipitate fflV-l-specific 
above in Example 7. The polylinker region in pSD513 was proteins from mock infected or NYVAC infected cells, 
modified by cutting with PstUBamHI and ligating to 

annealed synthetic oligonucleotides MPSYN288 (SEQ ID EXAMPLE 16 

NO:114) (5*GCTCGACGGATCCr 3') and MPSYN289 

(SEQ ID NCfcllS) (5 GATCAGK3AIXXGTCGACCrGCA m GENERATION OF NYVAC/HIV-1 gag/pol 

T) resulting in piasmid pSD542. 33 RECOMBINANT 

A piasmid. pHXB2D. containing human immunodefi- The sequence encoding the 5'-end of the gag gene was 
dency virus type 1 (HIV-1) cDNA sequence was obtained cloned between vaccinia virus tfc flanking arms. This was 
from Dr. R. C Gallo (NCI-NIH). The sequence encoding the accomplished by cloning the 1,625 bp BgJTJ fragment of 
5*-end of the gag gene was cloned between vaccinia virus tk ^ pHXB2D. containing the 5*-end of the gag gene, into the 
flanking arms. This was accomplished by cloning the 1.625 4*075 bp BgUI fragment of pSD542 (defined in Example 
bp BgUI fragment of pHXB2D, containing the 5'-end of the 15). The piasmid generated by this manipulation is called 
gag gene, into the 4.075 bp Bgffl fragment of pSD54Z The pHIVG2. 

piasmid generated by this manipilarion is called pHTYG2. The 3 '-end of the gag gene was then cloned into pHIVGZ 
The J-end of the gag gene was then cloned downstream 45 This was accomplished by doning a 280 bp Apal-BamHI 
from the rest of the gag gene. This was accomplished by PCR fragment containing the 3'-end of the gag gene, into 
cloning a 280 bp Apal-BamHI PCR fragment containing (he the 5.620 bp Apal-BamHI fragment of pEKVGZ This PCR 
7-end of the gag gene, into the 5,620 bp Apal-BamHI fragment was generated from the piasmid. pHXB2D. with 
fragment of pHIVG2. This PCR fragment was generated the oligonucleotides. HIVP5 (SEQ ID NO: 116) and HIVP6 
from the piasmid, pHXB2D. with the oligonucleotides, so (SEQ ID NO: 117). The piasmid generated by this manipu- 
HIVP5 (SEQ ID NO:116) (5*-TCTGGCAAAGAAGGGC- lation is called pHIVG3. 

3') and HIVP6 (SBQ ID NO: 117) (5*- The BL promoter was then cloned upstream of the gag 
TTGGArCCrTAjTGTGACGAGGGG gene. This was accomplished by cloning the 

generated by this manipulation is called pHIVG3. oligonucleotides. HIVL17 (SEQ ID NO: 11 8) and HIVL18 

The BL promoter was men doned upstream of the gag u (SEQ ID NO.119), encoding the vaccinia virus BL promoter 
gene. This was accomplished by cloning the and the 5'-cnd of the gag gene, into the 5.540 bp partial 
oligonucleotides, HIVL17 (SEQ ID NO:118) (5'- BglD-dal fragment of pHIVCB. The piasmid generated by 
G AT C TT G A G ATA AAGTGAAA AT AT A T AT- this manipul a tio n is called pHIVG4. 
CATTATArTACAAAGTACAAITAiTTAGGrTT^ The portion of the gag gene encoding p24,p2,p7 andp6 

TGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAG- 60 was then eliminated. This was accomplished by cloning (he 
AATTAGAT-3) and HTVL18 (SEQ ID NO:119) (5 f - oligonucleotides. HTVL19 (SEQ ID NO: 120) (5*- 
CGATCTAATTCTCCCCCGCTTAATACT- CTG AC ACAGG A C AC AGC A ATC AGGT- 
G ACGCTCT CGC ACCC ATGATTA AAC- C AGCC A A A ATTA CTA ATTTTTATCTC- 
CTAAATAATTGTA CTTTGT- GAGGTCGACAGGAC CCG-3 r ) and HIVL20 (SEQ ID 

AATATAATGATATATATITrC ACTTTATCTCAA-3*). 65 N 0 : 1 2 1 ) ( 5 ' - 

encoding the vaccinia virus BL promoter and the 5'-end of GATCCGGGTCCTGTCGACCTC- 
the gag gene, into the 5340 bp partial BgDI-Clal fragment GAO ATAAAAATTAGTA ATTTTGGCTGAC- 
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CroATTGCrGTGTCCT GTGTCAG-3 ), into the 4450 bp 
partial PVuII-BamHI fragment of pHIVG4. The plasmid 
generated by this manipulation is called pHIVGS. 

The remainder of the gag gene, as well as the pol gene, 
was then cloned downstream of the p 17 "gene". This was 
accomplished by cloning the 4.955 bp Oal-SaD fragment of 
pHXB2D, containing most of the gag gene and all of the pol 
gene, into the 4.150 bp Oal-Sall fragment of pHIVG5. The 
plasmid generated by this manipulation is called pHIVG6. 

Extraneous 3'-noncoding sequence was then eliminated 
This was accomplished by cloning a 360 bp AflH-BamHI 
PGR fragment containing the 3'-end of the pol gene, into the 
8.030 bp Afln-BamHI fragment of pHIVG6. This PGR 
fragment was generated from the plasmid. pHXB2D. with 
the oligonucleotides. HIVF7 (SEQ ID NO: 122) (5*- 
AAG AAAATTATAGG AC-3 ') and HIVP8 (SEQ ID 
NO: 123) (5-TITXiArC<XTAAXCCl^^ Hie 
plasmid generated by this manipulation is called pHIVG7. 

pHIVG7 was used in recombination experiments with 
vPS66 (NYVAC) as the rescuing virus to yield vP989. 

Immunoprecipitation experiments with vP989 infrctcd 
cells were performed as described above for the expression 
of the HTV-1 gag precursor protein. No HIV-l-specific 
species were precipitated from mock infected or NYVAC 
infected Vero cells. firotein species corresponding to the gag 
precursor protein, as well as various intermediate and mature 
gag cleavage products, were precipitated, however, from 
lysates of vP989 infected cells. 

EXAMPLE 17 

GENERATION OF NYVAC/HIV-1 gag/pol AND 
env (gpl20) RECOMBINANT 

The sequence encoding the S-cad of the gag gene was 
cloned between vaccinia virus tk flanlring arms. This was 
accomplished by initially preparing plasmid pHIVG7, as 
described above (see Example 16). 

pHIVG7 was used in recombination experiments with 
vP921 as the rescuing virus to yield vP991. 

Lnnmnorxecqdtation experiments with vP991 infected 
cells were performed as described above for the expression 
of the HIV gag precursor protein. No HlV-spedftc species 
were precipitated from mock infected Vero cells. Protein 
species corresponding to the env and gag precursor proteins, 
as well as various intermediate and mature gag cleavage 
products, were precipitated, however, from lysates of vP991 
infected cells. 

EXAMPLE 18 

GENERATION OF NYVAOHIV.l gagfrolAND 
env (gpl60) RECOMBINANT 

The sequence encoding the 5*-end of the gag gene was 
doned between vaccinia virus tk flanking anus. This was 
accomplished by initially preparing plasmid pHTVG7. as 
described above (see Example 16). 

pHIVG7 was used in recombination experiments with 
vP911 (above) as the rescuing virus to yield vP990. 

mimunoprecrpitation experiments with vP990 infected 
cells were performed as described above for the expression 
of the HIV-1 gag precursor protein. No HIV- 1 -specific 
species were precipitated from mock infected Vero cells. 
Protein species corresponding to the env and gag precursor 
proteins, as well as various intermediate and mature gag 
cleavage products, were precipitated, however, from lysates 
of vP990 infected cells. 
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EXAMPLE 19 

GENERATION OF NYVAC/HIV-1 pl7. p24 
RECOMBINANT 
5 A plasmid. pHXB2D. containing HIV-1 cDNA sequence, 
was obtained from Dr. R. C. Gallo (NCI-NIH). Hie sequence 
encoding the 5'-end of the gag gene was cloned between 
vaccinia virus tk flanking arms. This was accomplished by 
initially preparing pHIVG5. as described above (see 
Example 16). 

10 The 7-end of the p24 "gene" was then cloned into 
pHIVG5. This was accomplished by cloning a 660 bp 
Sal-BamHI PCR fragment containing the 3'-end of the p24 
"gene", into the 4.450 bp Sall-BamHI fragment of pHIVG5. 
This PCR fragment was generated from the plasmid, 
15 pHXB2D, with the oligonucleotides. HTVP25 (SEQ ID 
NO: 124) (5 , -AAAGTCGACCCATArCACCrAGAAC-3') 
and HIVP26 (SEQ ID NO:125) (5'- 
TTTGG ATCC1TACAAAACTCTTGCCTTAT-3 The 
plasmid generated by this manipulation is called pHIVG8. 
20 The entomopox 42 kd promoter was then doned upstream 
of the p24 "gene". This was accomplished by cloning the 
oligonucleotides. HTVL21 (SEQ ID NO: 126) (5 - 
TCGAGCAAAATTGAAAATATATAATTA- 
C A ATATA A AATGCCTATAGTGC AG A A- 

M CATCCAGGGGCA A AT G GTAC AT- 

CAGGCCArATCAOCTAGAACTTTAAATGCA-3') and 
HIVL22 (SEQ ID NO: 127) (5'- 
TTTAA AGTTCTAGGTGATATGGCCTG AT- 
GTACCATTTGCCCCTGGATGTTCTGCAC- 

T A T A G G C A T 

30 TTTATATTGTA ATTATATATTTTC A ATTTTG C-3 ' ) . 
encoding the entomopox 42 kd promoter and the 5*~end of 
the p24 "gene", into the 5X70 bp Xbol-Nsil fragment of 
pHIVGS. The plasmid generated by this manipulation is 
called pHIVG9. 
35 pHTVG9 was used in recombination experiments with 
vP866 (NYVAQ as the rescuing virus to yield vP970. 

Inmimopretipitation experiments with vP970 inf***** 
cells were performed as described above for the expression 
of the HIV-1 gag precursor protein. No HIV-l-specific 
40 species were precipitated from mock infected or NYVAC 
infected Vero cells. A protein species corresponding to p24 
was precipitated, however, from lysates of vP970 infected 
cells. 

EXAMPLE 20 

GENERATION OF NYVAC/HIV-1 pl7. p24 AND 
env (gpl20) RECOMBINANT 

A plasmid. pHXB2D. containing HIV-1 cDNA sequence, 
was obtained from Dr. R. C. Gallo (NCI-NIH). The sequence 
30 encoding the 5 t -end of the gag gene was cloned between 
vaccinia virus tk flanking arms. This was accomplished by 
initially preparing plasmid pHIVG9 as described above (see 
Example 19). 

pHIVG9 was used in recombination experiments with 
55 vP921 as the rescuing virus to yield vP973. 

tamunoprecqritation experiments with vP973 infected 
cells were performed as described above for the expression 
of the HIV-1 gag precursor protein. No HIV-l-specific 
species were precipitated from mock infected Vero cells. 
50 Protein species corresponding to env and p24 were 
precipitated, however, from lysates of vP973 infected cells. 

EXAMPLE 21 

GENERATION OF NYVAC/HIV-1 pl7, p24 AND 
K env (gpl60) RECOMBINANT 

A plasmid. pHXB2D. containing HIV-1 cDNA sequence, 
was obtained from Dr. R. C Gallo (NCI-NIH). The sequence 
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encoding the 5*-end of the gag gene was cloned between 
vaccinia vims tk flanking arms. This was accomplished by 
initially preparing plasmid pHIVG9, as described above (see 
Example 19). 

pHIVG9 was used in recombination experiments with 
vP911 as the rescuing virus to yield vP971. 

Immimopretipilation experiments with vP971 infected 
cells were performed as described above for the expression 
of the HIV-1 gag precursor protein. No HTV-l-specific 
species were precipitated from mock infected Vero cells. 
Protein species corresponding to env and p24 were 
precqntatedl however, from lysates of vP971 infected cells. 

EXAMPLE 22 

GENERATION OF NYVAC/HTV-1 gag 
(PROTEASE - ) AND env (TRUNCATED) 
RECOMBINANT 

. A plasmid. pHXB2D. containing HIV-1 cDNA sequence 
was obtained from Dr. R. C. Gallo (NCI-NIH). The sequence 
encoding the 5*-end of the gag gene was cloned between 
vaccinia virus tk flanking arms. This was accomplished by 
initially preparing plasmid pHTVG9 as described above (see 
Example 19). 

An H6-promoted truncated HIV-1 envelope gene was 
then inserted into pHIVG4. This was accomplished by 
cloning the K coli DNA polymerase I (Klenow fragment) 
filled-in 1.600 bp XhoI-NotI fragment of pHIVElO. con- 
taining an H6-promoted truncated HIV-1 envelope gene, 
into the filled-in BamHI site of pHIVG4. The plasmid 
generated by this manipulation is called pHIVGEll. 

The plasmid pHIVElO was derived by inserting a SacV 
partial Kpnl fragment from pBSHIV3BCDri into the mul- 
tiple cloning region of pIBT23 (IBL New Haven, Conn.). The 
plasmid pBSHIV3BCIXri coiitams an H6 promoted cassette 
to express a severely truncated form of the HTV-1(IIIB) 
envelope (amino acid 1 to 447; Ratner et aL. 1985). Expres- 
sion of this cassette was evaluated to criminate CD4 binding 
while retaining the V3 loop region and theTl epitope. 

To construct pBSHIV3BCDri the following manipula- 
tions were performed. A ICR-derived fragment of 200 bp 
was amplified from pBSH6HIV3B5P (defined in Example 
2) using oligonucleotides HIV3B2A (SEQ ID NO.-96) and 
HIVCD4A (SEQ ID NO:128) (5- 
GCCTCCTACHVVTCAITATGAATAAACTGATGGGA- 
GGGGCATAC-3'). This fragment was fused by PGR to 
annealed oligonucleotides HIVTM1 (SEQ ID NO: 107) and 
HTVTM2 (SEQ ID NO: 108) using oligonucleotides 
HIV3B2A (SEQ ID NO:96) and HIVTM3 (SEQ ID 
NO: 109). These mampulations create the 3*-end of the 
truncated env cassette by placing sequences encoding the 
HIV-1 env transmemhrane anchor (amino acids 691 to 718; 
Ratner etaL. 1985X a translation termination codon (TAA), 
and a 3' Xbal site. This PCR-fusion product was digested 
with EcoRI and Xbal to yield a 243 bp fragment The 
fragment was ligated to the 4.5 bp EcoRI/Xbal fragment of 
pH6HmBE to generate pBSHIV3BCDTl. 

pHIVGEll was used in recombination experiments with 
vP866 (NYVAQ as the rescuing virus to yield vP979. 

Inmiunoprecrpitation experiments with vF979 infected 
cells were performed as described above for the expression 
of the HIV-1 gag precursor protein. No HIV-1-spedfic 
species were precipitated from mock infected or NYVAC 
infected Vero cells. Protein species corresponding to env and 
the gag precursor proteins were precipitated, however, from 
lysates of vP979 infected cells. 
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EXAMPLE 23 

GENERATION OF NYVAC/HIV-1 gag/pol AND 
env (TRUNCATED) RECOMBINANT 

5 The sequence encoding the 5*-end of the gag gene was 
cloned between vaccinia virus tk flanking arms. This was 
accomplished by initially preparing plasmid pHIVG7 as 
described above (see Example 16). 

10 An H6-promoted truncated HIV-1 envelope gene was 
then inserted into pEHVG7. This was accomplished by 
clotting the £1 coU DNA polymerase I (Klenow fragment) 
filled-in 1.600 bp XhoI-NotI fragment of pHIVElO (defined 
in Example 22), containing an H6-promoted truncated 

15 HIV-1 envelope gene, into the filled-in BamHI site of 
pHIVG7. The plasmid generated by this manipulation is 
called pHTVGElZ 

pHIVGB12 was used in recombination experiments with 
vP866 (NYVAQ as the rescuing virus to yield vP978. 

20 Iinmunoprecipitattofl experiments with vP978 infected 
cells were performed as described above for the expression 
of the HIV-1 gag precursor protein. No mV-l-specific 
species were precipitated from mock infected or NYVAC 
infected Veto cells. Protein species corresponding to the env 

25 and gag precursor proteins, as well as various intermediate 
and mature gag cleavage products, were precipitated, 
however, from lysates of vP978 infected cells. 

EXAMPLE 24 

30 GENERATION OF NYVAC/HIV-1 gag/pol AND 
env (gpI20) RECOMBINANT 

The sequence encoding the gag gene was cloned between 
vaccinia virus tk flanking arms. This was accomplished by 
35 initially preparing plasmid pHTVG7. as described above (see 
Example 16). 

The nL-promoted gag and pol genes were then inserted 
into a canary pox insertion vector. This was accomplished by 
cloning the 4360 bp partial BgUI-BamHI fragment of 
40 pHTVG7» containing the nL-promoted gag and pol genes, 
into the BamHI site of pVQH6CE3L. The plasmid generated 
by this manipulation is called pHIVGE14. 

The Hf>prc*noted HIV-1(MN) envelope (gpl20) gene 
was then inserted into pHIVGE14. This was accomplished 
by cloning the oligonucleotides. HIVL29 (SEQ ID NO: 129) 
(5 -GGCCGCAAC-3 f ) and fflVUO (SEQ ID NO: 130) (S- 
TCGACTTGC-3*)* and die 1.600 bp NruI-NotI fragment of 
pBSHIVMN120. containing the H6-promotcd gpl20 gene, 
x into the 11,500 bp Nrul-Xhol fragment of pHIVOTR The 
plasmid generated by this manipulation is called 
pfflVGE15. 

The H6-promoted envelope (gpl20) gene and the DL- 
promoted gag and pol genes were then inserted into a 
35 vaccinia virus insertion vector. This was accomplished by 
cloning the 6,400 bp Nod-BamHI fragment of pHIVGElS. 
containing the H&promoted gpl20 gene and the T3L- 
promoted gag and pol genes, into the 4,000 bp NottBgUI 
fragment of pSD542VCVQ. The plasmid generated by this 
manipulation is called prHVGE16. 

pHIVGE16 was used in in vitro recombination experi- 
ments with vP866 (NYVAC) as the rescuing virus to yield 
vP988. 

Iirjmunopredpitation experiments with vP988 infected 
65 cells were performed as described above for the expression 
of the HIV-1 gag precursor protein. No HIV-l-specific 
species were precipitated from mock infected or NYVAC 
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infected Veto cells. Protein species corresponding to the esv vCP117 infected cells, but did not precipitate HIV- 1 -specific 

and gag precursor proteins, as well as various intermediate proteins from mock infected or ALVAC infected cells, 
and mature gag cleavage products, were precipitated, 

however, from ly sates of vP98S infected cells. EXAMPLE 27 

EXAMPLE 25 GENERATION OF ALVAC/fflV-1 gag/pol AND 

_ ^ , env (gp!60) RECOMBINANT 
GENERATION OF NYVAC/HTV-1 gag/pol AND 

env (gpl60) RECOMBINANT The sequence encoding the 5*-end of the gag gene was 

cloned between vaccinia virus tk flanking arms. This was 

The sequence encoding the 5'^nd of the gag gene was 10 imavlUtBA by preparing plasmid pHIVGElS as 

doned between vaccinia virus tk flanku« an^TOa was <jest ^ eA ^ ($ee a^fc 24 ). 

accomplished by initially preparing plasmid pHTVGE16 as _ ,„ A . , 

descried above (see E*unple 24). J?* & m ™f ^ *» ^ *P^«?*: 

"T^ , , . ^ ,„ This was accomplished by cloning the Z600 bp Nrul-Notl 

The gpl20 gene was then replaced by the gpl<50 gene. fug^ of P H<5HMNE. containing the entire HIV-1(MN> 

™ S ™ £ SS^ccSf.^; ^mSSS CDVClope (BP"®) gene, into the 9.800 bp Nrul-Nod frag- 
fragment of pH6HMNE. coo^^e entire fflV-l(MN) ^ ofpHI vGE15. The plasmid generated by this manipu- 
envelope (gpl60) gene, into the 8.000 bp partial Nrul-Notl Jalion i/oUled pHIVGE18. 
fragment of pHTVGE16. The plasmid generated by this _ „ , . . . .. 

manipulation is called pHTVGE19. The canary pox flanking arm deleted in the previous step 

"I „ .... .. . . xi was then cloned into pHTVGE18. This was accomplished by 

pfflVGE 1 9was used in in vitro recordation expen- 20 do]li[| mc 1JS00 bp NotI fragment ofpfflVGE15. contoin- 
irentewuli vP866 (NYVAC) as the rescuing virus to yield ing ^ ^ flanldng arm. into the 12.400 bp Nod fragment 
vP1009 - of pHIVGE18. The plasmid generated by this manipulation 

Immunoprecipitation experiments with vP1009 infected j s called pHTVGE20. 
celb i wereperformed as described arx>ve for the exr»ession M pHIVGE20 was used in re»>rntnnatio n experiments with 

rSriCiS iSSE {CPPP) 95 * C reSCUin S virus to yield vCP130. 

species were precipitated trom mocc inxectea or WY VAC _ ... . . - 

infected Vero cells. Protein species corresponding to the env 1 ^^? 1 ^ ltatl i 011 analysis was performed wito CEF 
and gag precursor proteins, as well as various intermediate ceU monolayers as tocribe4above to determine whether 
and mature gag cleavage products, were precipitated. M vCP130 expresses authentic fflV-1 gag and env gene prod- 
however* from lysates of VP1009 infected cells. ucts * 

Lysates from the infected cells were analyzed for HIV-1 
EXAMPLE 26 gag and env gene expression using pooled serum from 

~™t™ .r^^r ™ A ., rA „„ mr « , HIV-1 seropositive individuals (obtained from Chiron. 

GENI^ON OF ^VA^^g^pol AND EmeryvuTeXahf .). The sera was preadsorbed with ALVAC 
env (GP120) RECOMBINANT 35 infect CEF cells. The preadsart**^ was bound to 

The sequence encoding the 5*-end of the gag gene was Protein A-sepharose in an overnight incubation at 4° C. 
cloned between vaccinia virus tk flanking arms. This was Following this incubation period, the material was washed 
acconipiished by initially preparing plasmid pHTVGE15, as 4xwith lxbuffer A. Lysates predcared with normal human 
described above (see Example 24). sera and protein A-sepharose were then incubated overnight 

pHIVGE15 was used in icconibination experiments with 40 at 4° C with the HIV-1 seropositive human sera bound to 
ALVAC (CPpp) as the rescuing virus to yield vCP117. protein A-sepharose. After the overnight incubation period, 

Immunoprecipitation analysis was performed as ^samples were washed 4xwith lxbuffer A and 2xwim a 
described abovebutwith CEF nKmolayeK to determine LiOa/urea buffer. Precipitated proteins were dissociated 
whether vCP117 expresses authentic HIV-1 gag and env « { tom mc , lmmunc complexes by the addition of 
gene products 2xUennnlPs buffer (125 mMlris (pH6.8), 4* SDS, 20% 

Lysatesfrommeiiifed^ glycerol 10% ^mercapu^ for 5 mm. 

Ljsttuauviuwvuuwwwus T^ 7 fr t T . Proteins woe fractionated on a 10% Drcyfuss gel system 
and env gene expression using serum from HIV-1 seroposi- TkSax **Jl Ik m 

five individual ^ ^ ^84^fixed and treated wtthJM 

ofHealth^Lwaspreadsc^ so Na^^ fc, fluc^y Human sera from fflV- 

CEF cells. The preadsorbed sera was bound to Protein *»P°fra ^viduals spec^caUy PMP^ W-l 
Agarose in an^ernight incubation at 4* C. Following 2^£S^ 
this incubation period, the inaterial was washed 4xwith ^^L^'^^ 
lxbuffer A. Lysates predcared with Bormal human sera and lniectea ceus. 

protein A-sepharose were then incubated overnight at 4° C 55 EXAMPLE 28 

with the HIV-1 seropositive human sera bound to protein 

A-sepharose. After the overnight incubation period, the GENERATION OF ALVAC/HTV-1 gag/pol 

samples were washed 4xwim lxtwffer A and 2xwim a RECOMBINANT 
UCVurea buffer. Precipitated proteins were dissociated 

from the immune complexes by the addition of 60 A plasmid. pHXB2D. containing HIV-1 cDNA sequence 
2xLaemmli > $ buffer (125 mM Iris (pH6.8). 4% SDS. 20% was obtained from Dl R C Gallo (NO-NTH). The sequence 
glycerol, 10% 2-mercaptoethanol) and boiling for 5 rnin. encoding the 5*-end of the gag gene was dosed between 
Proteins were fractionated on a 10% Drcyfuss gel system vaccinia virus tk flanking arms. This was accoinplished by 
(Dreyfuss et al.. 1984). fixed and treated with 1M initially preparing plasmid pHIVG7 as described above (see 
Na- salicylate for fluorography. 65 Example 16). 

Human sera from HIV- 1 seropositive individuals specifi- The gag and pol genes were then cloned between canary 
cally precipitated the HIV-1 gag and env proteins from pox flanking arms. This was accomplished by doning the 
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4.400 bp Smal-Notl fragment erf pHTVG7. containing the env genes would also produce such particles. Furthermore. 
BLpromoted gag and pol genes, and the oligonucleotides. if these ALVAC-based recombinants were used to infect 
HIV2L6 (SEQ ID NO:131) (5-GGCCAAAC-3') and non-avian cells (Le. Vero. MRC-5. etc.) then HIV-1 virus- 
HIV2L7 (SEQ ID NO: 132) (5 r -TCGAGnTT-3'). into the like particles could be purified without any poxvirus virion 
Smal-Xhol site of pSPCP3L. The plasmid generated by this 5 contaminants. 

manipulation is called pHIVG24. To evaluate particle formation using Vero cells infected 

pHIVG24 was used in recombination experiments with with vCP156, the following experiment was performed. 
ALVAC (CBpp) as the rescuing vims to yield vCP152. Vero cells were infected at an nxoa. of approximately 5 

Inimunoprecipitation experiments with vCP152 infected pru/celL After a 24 hr infection period, the supernatant was 
cells were performed as described above for the expression 10 harvested and clarified by centrifugation at 2000 rpm for 10 
of the HIV-1 env and gag proteins. No HIV-1-spedfic rnin. The supernatant was then spun through filters which 
species were precipitated from mock infected or ALVAC have a molecular weight cutoff of 30.000 kDa (Centricell 60. 
infected cells. Protein species corresponding to the gag Porysdences. Inc.. Warrington. Pa.). Thus, any smaller mol- 
precursor protein, as well as various intermediate and mature ecules would pass through these fitters. The material 
gag cleavage products, were precipitated, however, from 13 retained by the filters was then aiialyzed by staitdard Western 
lysates of vCP152 infected cells. blot analysis (Maniatis et aL. 1990) using pooled human 

serum from HIV-seropositive individuals (obtained from Dr. 
EXAMPLE 29 I- Conroy, New York State Department of Health). The 

results from the Western blot analysis demonstrated the 
GENERATION OF ALVAC/HIV-1 gagfrol AND 20 presence of the major core protein p24 and the HTV-l(MN) 
env (TRUNCATED) RECOMBINANT anchored gpl20 in the material retained by the filters. With 

. . « ^ , the size exclusion noted above, the p24 would have passed 

A ptasinid. P HXB2D. ranta^g fflV-1 cDNA sequence un i ess it was in a higher structural configuration (ie. 

was obtained from Dr. R. C. Gallo (Nd-NIH). The sequence ^ute particles). Therefore, these results strongly sug- 
encoding the 5'-<nd of the gag gene was cloned between 25 „est that HIV-1 virus-like particles containing the gpl20 
vaccinia virus tk flantog arn^This was accompUshed by envelope component are produced in vCP156 infected cells, 
initially preparing plasmid pHIVG24 as described above 

(see Example 28). EXAMPLE 31 

pHTVG24 was used in reconmination experiments with 
vCP120 as the rescuing virus to yield vCP155. 30 EXPRESSION OF THET1. T2. AND TH4.1 

IminurK){>redpitaUon experiments with vCP155 infected EPITOPES OF THE HIV-1 env GENE IN ALVAC 

cells were performed as described above for the expression AND NYVAC 

of the HIV-1 env and gag proteins. No fflV-l-spccific Recombinant poxviruses vP1062 and vCP146 were gen- 
spcaes were prcaptated from mock urfectcd cells. Protein erated to express the Tl. T2. and TH4.1 epitopes of HIV-1 
species correspond^ to the env and W 35 eirv (Hosmalin et al., 1991) as individual peptides. 

as well as various intermediate and mature gag cleavage _ , . . _ _ . . wwr> „ 

products, were precipitated, however. frorHysateslrf Consttucuon of pTS^^d^TOH oon- 

vCP155 infected ceUsT tains the vaccinia BL early/intermediate promoter element 

(Schmitt and Stunnenberg. 1988; Vos and Stunnenberg. 
EXAMPLE 30 40 1988) in a pUC8 background. The promoter element was 

synthesized by polymerase chain reaction (PCR) using 
GENERATION OF ALVAC/HTV-1 gag/poj AND pMPVCl, a subclone of vaccinia Hindm L as template and 

env (gpl20 WITH TRANSMEMBRANE synthetic oligonucleotides MPSYN283 (SEQ ID NO: 133) 

ANCHOR) RECOMBINANT (5*- CCCCCCAAGCITAC^CArG<^ 

• • ~ .. « 45 -J) and MFSYN287 (SEQ ID NO:134) (5- GATTAAAC- 

A plasmid* pHXB2D, contairung HIV-1 cDNA sequence CIAAATAAiTGT -T) as primers. DNA from this reaction 
was obtained from Dr. R. C Gallo (NO-NTH). The sequence was cut with Hindm and Rsal and a 0.1 kb fragment 
encoding the 5'nend of the gag gene was doned between containing the promoter element was purified. A linker 
vaccinia virus tk flanking arms. This was aooomplished by region was assembled by «nnf*»iin g comrriementary syn- 
initiauy preparing plasmid pHIVG24 as described above ^ oligonucleotides MPSYN398 (SEQ ID NO: 135) (5 1 - 
(sce Example 28). ACAAlTAITTAGGTTAACrGCA -3 ) and MPSYN399 

pHTVG24 was used in recombination experiments with (SEQ ID NO: 136) (5 - GTTAACCTAAArAXrTCT -3*). 
vCP138 as the rescuing virus to yield vCP15rx The PCR-derived promoter element and the polylinker 

Iriimunoprecipitation experiments with vCP156 infected region were ligated with vector plasmid PUC8 which had 
cells were performed as described above for the expression 35 been cut with Hindm and PstL Hie resulting plasmid. 
of the HIV-1 env and gag proteins (CEP Cell monolayer). pMFBH. contains the BL promoter region from positions 
No HIV-i-specifk species were precipitated from mock -100 through -6 relative to the initiation codon. followed by 
infected cells. Protein species corresponding to the env and a polylinker region containing HpaL PstL SalL BamHL 
gag precursor proteins, as well as various intermediate and Smal and EcoRI sites. Cleavage with Hpal produces blunt 
mature cleavage products, were precipitated, however, from h ended DNA linearized at position -6 in the promoter, 
lysates of vCP156 infected cells, A cassette containing the Tl peptide driven by the vac- 

Expression of HIV-1 gag-specific gene products either cinia BL promoter was generated by ligating complemen- 
alone or in combination with env by vaccinia virus has been tary oligonucleotides TIC (SEQ ID NO: 137) (5*- 
sfaown to Lead to the reduction of non-infectious virus-like TAATCAIXIAAACAAAITAITAArAIXnXK5CAAGAA- 
particles (Haffar et aL. 1990; Hu et aL. 1990). With mis 65 GAGG- AAAAGCTATGTACGCTTGACT AGTTAAT- 
background it was investigated whether cells infected with CACTOGAG -T) and TIN (SEQ ID NO: 138) (5- GXTC- 
ALVAC-based recombinant expressing HIV-1 gag-pol and CTCGAGTG ATTA ACTA GTC AAOCGTA- 
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CATAGCTTTTCCTACTTCTTGCCACATATT CAAATAGITIXXnTITCACCTrCjrCrAArAAC TAAT- 

AArAArTTGTTTCATGArTA -3*) to plasmid pMPDH TAAfTAAGGArCCTGATEAA -T) as template for a third 

digested with Hpal and BamHI. This ligation reconstitutes PCR using primers 42KTH41 (SEQ ID NO: 146) and 

the last 5 base pairs of the promoter, provides the complete BAMVQ (SEQ ID NO: 149) (5*- TTAArCAGGATCCT- 

coding sequence of the Tl peptide, and creates a Xhol site 5 TAATTAAITAGTTArTAGAC -3 1 ). Subsequent nucleotide 

between the stop codon and BamHI site. This is plasmid sequence analysis reve aled an error in the sequence of 

JSmTi ^^P^^k/Z^r* ™c^»fi^^i« oligonucleotide 42KTH41 (SEQ ID NO: 146) such that an 

^^^JZ^Tn^ ^ C ° nfilmed * «*a base (an A) was inserted after position 24 as indicated 

nucleotide sequence analysis. by the underline in the above sequence for 42KTH41. This 

Construction of plasmid pH6TZ A cassette containing the was corrected with a final PCR employing the 272 bp 

T2 peptide driven by the vaccinia H6 promoter was gener- to fragment derived from the third PCR as template with 

ated in two steps: The H6 promoter through the EcoRV site primers BAMVQ (SEQ ID NO: 149) and 42KTH41A (SEQ 

was derived from a plasmid containing the synthetic H6 H> NO. 150) (5*- ArCArCGGArCCKXJAGTGATTAAC- 

promoter (Perkus et aL. 1989). using PCR and primers TAGTCATCTAATAGCTC -3*). After the final PCR. the 

H6PCR1 (SEQ ID NCfcl57) and H6PCR2 (SEQ ID NO205) ^2f, w f Bam J L ^ S^***? *° 

(5 TTAACGGATArCGCGArAATG-3') creating a 5' Hin- 15 ^i^llS 

dmsite.T1usl22bpPCR^fragmentw^ ^^^2^ 

with Hindm and EcoRV followed by ligation to similarly Calif.) generating plasmid pVQ42KTH4.1. Nucleotide 

digested pBS-SK+ (Stratagcne. La Jolla. Calif.), generating sequence analysis of this plasmid confirmed that the 

plasmid pBSH6. Complementary oligonucleotides T2C sequence of the promoter and coding region was correct 

(SEQ ID NO: 139) (5 - ATC CGrTA ACjrTTGTArCGTAAr- 20 However, a 3 bp deletion was revealed resulting in loss of 

GC^CXjAAGATATTAITTCTITG the 3* BamHI she. 

AAATGACTAGTTAATCAG -3*) and T2N (SEQ ID Construction of plasmid pTlT2TH41. These t hree cas- 

NO:140) (5*- GATCCTGAITAACTAGTCAjTiTAAA- settcs were combined into a singular plasmid pTlT2TH4.1 

GATTGATCCCACAAAGAAATAATATCTTCGTGCA such B^T 1 ,.* °J pp ° sitc "* ori ? l ^J? £ e °£5J?"i 

3' end of the H6 promoter from the EcoRV site, encode the pH6T2 generating pT!T2. A2^BaS 

T2 peptide and create a BamHI site at the 3* end of the gene fragment from pVQ42KTH4.1 was ligated to similarly 

were annealed then ligated to pBSH6 that was digested with digested pT 1T2, creating pTlT2TH4.1. The sequence of the 

EcoRV and BamHL This plasmid was ^^ nttt ^ pH6T2 insert was confirmed by nucleotide sequence analysis, 

following confirmation of the fragment by nucleotide 30 pCSLSP (defined in Example 14) was digested with 

sequence analysis. EcoRL treated with alkaline phosphatase and ligated to 

Construction of plasmid pVQ42KTH4.1. A cassette con- self-annealed oligonucleotide CP29 (SEQ ID NO:151) (5*- 

taining the TH4.1 peptide driven by the AmEPV 42K A^(p?GCCG03'). digested with Nott and linear puri- 

promoter was generated by sequential PCR reactions: the ^^ tme ^ 9 £^ am : llus ^procedtee introduced a 

lu^2Kprom^^ f „ 

by fgt fron^Td p42KRABL a plasmid containing the pSSE^^ 

gene for the rabies glycoprotein under control of the 42K plasmid in which the ML ORF (Goebd et aL, 1990a.b) is 

promoter, using primers 42KVQ1 (SEQ ID NO: 141) (5 - replaced by a cloning region consisting of BglH and Smal 

A AT T A AT T A GCTGC AGCCCCGGGT- sites. To expand the imiltidoning region, pSD548 was cut 

CAAAAAAATATAAATG -3') and 42KVQ2 (SEQ ID 40 with BglH and Smal and ligated with annealed complemen- 

NO:142) (5'- CCTTGTACTACTTCAATTACTC- tary synthetic oligonucleotides 539A (SEQ ID NO:152) 

TATCCATTTTATATTGTAAITATATATTTTC). The (5'-AGAAAAATCAGTTAGCTAAGATCTC- 

seqiienceof the 107 bp promoter region of this PCRHderived Jf^A^^ 

tpaTaa Al S AriTA AATr D ATTr°ArriTrT" *< (5 ' -GATCACAAAAATTAACTAA^CAGGA^CCGG- 
r at at^a a a a a aa attt a /^r» r a a a Ix 7x TACOTCGAGCCCGGGAGATCiTAGCTAACiX^^ 
GATAGAAAAAAAATTTATTGGGAAGAATAT TTTCT-3'). In the rcsulting plasmid. pSD55G\ the multidoD- 
G ATA ATATTTTGGG ATTTCA A A AT- ins region contains BgUL SmaL Xhoi Kpnl and BamHI 
TGAAAArATATAATTACAAXATAAA -3*. The 159 bp restriction sites. 

PCR-derived fragment was fused to the coding sequences of The 602 bp Xhol fragment from pTlT2TH4.1 containing 

TH4.1 with a second PCR using this fragment and synthetic so the genes for the epitopes driven by their respective pro- 

oligonucleotides encoding the TH4.1 peptide TH41C (SEQ moters was cloned into donor ptasmids pNC5LSP5 and 

ID NO.144) (5'- ATGGArAGAGTAArTGAAGTAGTA- pSD550 in their Xhol sites. Nucleotide sequence analysis 

CAAGGAGCiTAXAGAGCTAXTAGATGACT^ was usw ** > confirm the sequence art oriematta of the 

CACTCGAGGATCC -3 ) and TH41N (SEQ ID NO:145) JS^r^ ^^j? J" JT^^^^^i^ 

rpATprTrrArTPATTA aoi»a#-t « pI4TUzi H4.1 were used in in vitro recombination experi- 

(5 - GGATCCTCGAGTGATTAACTAGT- 55 ^ a^AC and NYVAC to generate recmnbmant 

CAIXnAATAGCTCTAIAAGCltX'i i^HACTAC J iCAA viruses vCP146 and VP106Z respectively. These recombi- 

TTACTCEATCCAT -30 as template and primers 42KTH4 1 ^ wintscs wcrc demonstrated to cc«unn me desired genes 

(SEQ ID NO:146) (5*- AIX^TCXXxAKXHtX^GroAP by hybridization of a specific DN A probe to viral plaques: 
TAAACTAGTCATCTAAIAGCTC -3*) and 42KVQ1 (SEQ 

ID NO:141). This 210 bp PCR-derived fragment was 60 EXAMPLE 32 

extended in the 5* direction, incorporating a BamHI site at EXPRESSION O F TW O FUSION PEPTIDES 

the 5* end using the fragment and synthetic oUgonudeotides CONTAINING THE TL T2. AND TH4.1 

VQC (SEQ ID NO: 147) (5 - TTAATCAGGATbCTTAAT- EPITOPES OF fflV-1 env WITH AND WITHOUT 

TA ATTAGTTATTAGAC AAGGTGAA AAC- A TRANSMEMBRANE ANCHOR DOMAIN 

GAAACTATITGTAGC TTAATTAATTAGCTGCAGC- 65 FROM HIV-1 env 

CCGGG -3') and VQN (SEQ ID NO: 148) (5'- Recombinant poxviruses vP1060. vP1061. vCP154 and 

CCCGGGCTGCAGCTAATTAATTAAGCTA- vCP14S were created to express a fusion peptide consisting 
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of the signal sequences from HIV-1 env coupled to CATTATGAATAATTTTCTA AAAGG AG- 

sequences corresponding to the Tl. T2, and TH4.1 epitopes GTCTAATAGCTCTATAAGCTCCTTGTAC TACT- 

of HIV-1 env by cleavable linker regions. vP1060 and TCAATTACTC -3'). altering the 3' end to accommodate the 
vCP154 differ from vP1061 and vCP148 in that the former b^nsmembrane region. This 195 bp PCR-derived fragment 

recombinant viruses express the fusion peptide along with 5 was fused by FCR with oligonucleotides com prisin g the 
sequences corresponding to the transmembrane region of anchor, HTVTM1 (SEQ ID NO: 107) and HIVTM2 (SEQ ID 

^V" 1 cnv - NO: 108) using primers PCKT1T2 (SEQ ID NO: 161) and 

Both fusion peptides include the 51 amino acid PCRT4END (SEQ ID NO: 162). This 276 bp PCR-derived 

N-terminal portion of HIV-1 (TUB) env. residues 1-50 (plus fragment was fused with the 314 bp PCR-dcrived fragment 

initiating Met) based on Ratner et aL (1985). The amino acid 10 containing the promoter and signal sequences by PCR with 

sequence of mis signal region (SEQ ID NO:154) is primers H6PCR1 (SEQ ID NO: 157) and PORT4END (SEQ 

MKEQKTVAMRVKEKYQHLWRWGWRWGTM- £> NO: 162). Following digestion of this 572 bp PCR- 

LLGM04ICSATEKLWVTVYYGVR This is followed by ^ ^ figment wim Hindffl and Xbal a fragment of 554 

the Tl, T2, and TH4.1 epitopes (Hosmalin et aL, 1991) bp isolated from an agarose geL ligated to similarly 

separated from the signal, each other, and anchor sequence 15 digested pBS, and the sequence of the insert verified by 

where present by a cleavable linker region up to 5 amino nucleotide sequence analysis. The resulting plasmid was 

adds in length. The amino acid sequence of this regton of designated pBST 1T2TH4. 1A 

the peptide (SEQ ID NO:155) is [signal]-PFR- Jl" - . - « * , , . %u 

kqi^qevgkXmya-ppfrk-hediislwdqslk- jS^S^^SSSJ^LSSS^ 

PPraK-DRVTRVVOr.AYHAIR-IPPFHK-anchorl The BamHI and ligated to annealed oligonucleotides CP32 (SEQ 

I^K-DRVl^VQOAYIUVm-|PPFRK-aacliorj. The M ro NO:112) ^ (seq m NO: ll3) to generate 

anchor domain is a 28 amino add tra^ncmbrane region of WQ CSLSn. pV QC5U»P6was digested with EcoRL 

HIV-1 (MB) env. rescues 691-718. %e ammo -ctd {^T J£ phosphatase^ ligated to seS 

^^VC^AV^vSrS^I^ } ,S annealed ohgonudcotidc™ (SEQ ID No!l£). digested 

LHp^^VGLRrvmv^yVNKv^Qfrlstop]. with NoO and linear purified followed by self-Iigation. This 

F^l^^^tf theftsioiipeptoile.thel «& promoter M procedure introduced a NoU site to P VQC5LSP6. generating 

and HIV-1 env signal sequences were derived by PCR from pNVOC5LSP7 

plasmid pBSH6inV3B5P (defined in Example 2) using . ' , ,._ .. ., ,. . _ 

primers H6PCR1 (SEQ ID NO: 157) ^^^J^^^^f^^^J^^° l 

(5 ' ACTA CTAAGCTTCTTTATTCTATACTTAA AAA - P ^^^2^?7; 

GTG-3") and PCRSIGT1 (SEQ ID NO:158) (5*- CATAT- M P lasmlds pC5STlTlTH4.1 and pC5STlT2TH4JLA were 

TA ATTTGTTTTCTA AAAGGAGGTAC- ^* <c— .£"3*"!!?? n ^ mutt ' 

CCCArAATAGACTGTG -3'). This 314 bp PCR-derived ^^^^ .^^fff ^ ™ ascd 

fragment consists of a 5' HindUI site folded by the H6 ^.l^ 1 !"™! 1 ^^i™ 4 ^ ^ 

promoter and coding sequences for the signal linker, and the to a™ 2 ** P? D550 <^^?J?f 1 f lc 31 > 

first 6 anrino acids rfSeTl peptide. generating plasmids P I4ST1T2TH4. 1 and 

. , , . , , pI4STlTlTH4.lA. respectively. These plasmids were used 

The remainder of the coding region fa the construct f " „k.-_.«™ .„ ' uvO ir „„_- „ 

w^outt^tran^^ £S^£S 

^^CT^ TbTreco^biBant viruses were demonstrated 

GATArr^(^ 40 ^<he^ 

CCITITAGAAAAG ATAGAGTAATTGAAGTAGTAC piaques. 

-3*) and T2T4B (SEQ ID NO160) (5*- GIACIACITCAAT- EXAMPLE 33 

TACTCTATCTTTTCTAAAAGG AGGTTT- 

TAAAGATTGATCOCACAAAG AAATAACAICTTOGT- EXPRESSION OF THE HIV-1 nef GENE IN 

GTTTTCTAAAAGGAGGAGC -3 ) using primers 45 ALVAC TROVAC AND NYVAC 
PCRT1T2 (SEQ ID NO:161) (5'- AAACAAATTAT- 

TAATATGTGGCA AG AAGTAGGAAAAGC- Recombinant poxviruses vP10S4, vFP174. and vCP168 

TAKnACXKntXrrCCTITTAGA AAACACGAAG -3*) were generated expressing HIV-1 nef (MN) as follows: 

and PCKT4END (SEQ ID NO: 162) (5*- ACTACITCTA- Hie DL promoter was derived by PCR from plasmid 

GATTATCTA ATAGCTCTATA AG CTCCT- 50 pMPDH using primers DPCR1 (SEQ ID NO:164) (5*- 

TXnACTACTTCAATTACrC -3*)- This 177 bp PCR- ATCATCGGATCCAAGCITACiat^rGCAGTGG -3*) 

derived fragment encodes thcTl peptide, a linker region, the and PI3NEF2 (SEQ ID NO: 165) (5- OGTTTTGAC- 

T2 peptide, another linker region, and me TH4.1 peptide. C ATTTGCC ACC CATGATTAAAC- 

followed by a 3' Xbal site. This fragment was fused wim the CTAAATAATTGIACriTG -3"). The coding region of nef 

314 bp PCR-derived fragment containing the promoter and 55 was generated by PCR amplification of pMN 1.8-10 (a done 

signal sequences by PCR with primers H6PCR1 (SEQ ID of that portion of the MN genome between SstI sites at 7792 

NO: 157) and PGRT4END (SEQ ID NO: 162). Following and 5595) using primers PDNEF1 (SEQ ID NO: 166) (5*- 

digestion of this473 bp PC^teirvedfragmert wift AGTAC A ATTATTTAG GTTTA AT- 

and Xbal a fragment of 455 bp was isolated from an agarose O^TCrGGIXKXIAAArGGTCAAAACG -3') and PNEF- 

geL ligated to similarly digested PBS-SK. and the sequence 60 BAM (SEQ ID NO:167) (5*- ATCATCGGATCXnXA- 

of the insert verified by nucleotide sequence analysis. Hie CACITCTCTCTCCGG -3*). Fusion of me coding region 

resulting plasmid was designated pBSTlT2TH4. 1. with the promoter was accomplished by amplification of the 

The remainder of the coding region of the version with the previous PCR products using primers DPCR1 (SEQ ID 

transmembrane anchor was generated by PCR amplification NO:164) and PNEFBAM (SEQ ID NO: 167). Following 

of oligonucleotides, T2T4A (SEQ ID NO: 159) and T2T4B 65 digestion of this product with BamHI a fragment of 0.7 kb 

(SEQ ID NO: 160). using primers PCRT1T2 (SEQ ID was isolated from an agarose gel and ligated to simOaiiy 

NO:161) and PGRT4TM (SEQ ID NO: 163) (5'- TACTAT- digested pBS-SK+ (Stratagene. La Jolla. Calif.), generating 
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piasmid pDNEF. It was at this point that sequence devia- consisted of fowlpox sequences flanked by a 5* EcoRI site 
tkms were first observed. Hie sequence of the cassette was and a 3* Ndel site. Central in the fragment is a polycloning 
determined to differ from the published sequence (Gurgo et region containing SmaL BamHL and Hindm sites, flanked 
al.. 1988. GenBank Accession Number M 17449) due to by NotI sites and translation stop codons in six reading 
deviations in piasmid pMNl.8-10 (provided by Dr. R. C. 5 frames. An early transcription termination signal (Yuen and 
GaUo. NG-NIH). These differences are s ummarize d below Moss. 1987) is adjacent to the 3* NotI site. This PCR-derived 
relative to the published sequence. fragment digested with EcoRI and Ndel was ligated to 

similarly digested pKW715 creating piasmid pRW864. An 
11K promoted lac Z gene was excised frompAM 1 by partial 
10 BamHL total PstI digestion. This fragment was made blunt 
ended with Klenow polymerase and ligated to Smal digested 
pRW864. creating pRW867A. The Noll fragment from 
pRW867A was made blunt ended with Klenow polymerase 
in the presence of dNTPs so that the NotI sites would be 
15 regenerated when ligated into an Fspl site, and ligated to 
pRW866 which was partially digested with Fspl such that 
The two silent mutations in the cassette (at positions 8&34 insation was madc corresponding to position 1955 

and 9127) were apparently errorsinPCR. Since there is no described by Tartaglia et al (1990). The resultiiig i>iasmi(L 
effect on the encoded protein, the se were allowed to persist. PRW868. was then digested with NotI to remove the lac Z 
The frameshilt at 9930 results in a lengthened open reading 20 cassette, and ligated to the 66 bp polyiinker from pRW864 
frame more closely resembling other HIV-1 isolates. In which was excised by NotI digestion. The resulting piasmid 
keeping with the published size of nef from the MN isolate, was designated pRW673. An 81 bp Smal fragment was 
this cassette required a fourth PCR to generate the truncated derived from pVQ42KTH4. 1 (defined in Example 3 1) and 
J end of the coding region. inserted into Smal digested pRW873 generating piasmid 

Removal of the extra base at position 9930 was accorn- 25 pVQ873. 
pushed by PGR amplification of the insert in pDNEF with The nef cassette was excised from pBSDNEF as a 684 bp 
primers DFCR1 (SEQID NO: 164) and PNKFHX1 (SEQID HindDI fragment for insertion into pVQ873 followed by 
NO:168) (5'- ATCATCGGAIXXTAACACITCrci^^ recombioation into the F16 locus of TROVAC to generate 
CGGGICATCCArCCAiXKTlXKXnOTAG -3") Follow- vFP174. 
ing digestion of this 678 bp FCR-derived fragment with 30 

BamHI a fragment of 660 bp was isolated from an agarose EXAMPLE 34 

gel and ligated to similarly digested pBS. generating plas- 

mid pBSDNEF. The insert was verified by nucleotide EXPRESSION OF HIV-2 GENES IN NYVAC 

sequence analysis. Generation of NYVAC/HIV2 gag/pol recoarMnant. A 

The 660 bp BamHI fragment from pBSDNEF containing 35 pjasmfo PISSYEGP. containing the human inmninodefi- 
the nef gene was placed in me BamHI site of insertion ciency virus type 2 (HIV2) gag and pol genes was obtained 
piasmid PNVQC5LSP7 (defined in Example 32). The result- ^ G (NQ-NIH). The gag and pot genes 

ing piasmid pCSDNEF was employed in a recombination f Tom ^ piasmid were cloned downstream of the BL 
into the C5 locus of ALVAC generating the recombinant promoter and between vaccinia virus tk flanking arms. This 
vCPl 6^ The same 66X) bp BamHI fragment was also placed 40 was accomplished by cloning the 4.400 bp BstUI-Bgffl 
in the BamHI site of insertion piasmid pSD550 (defined in fragment of pISSYEGP. containing the H1V2 gag and pol 
Example 31). creating piasmid pI4BNEF. A recombination genes* and the oligonucleotides, SIVL1 (SEQ ID NO:69) 
with this piasmid with NYVAC generated recombinant and HIV2L1 (SEQ ID NO:173) (5'- 
vP1084 * CGCCC ATG ATTA A ACCTA A ATA ATTG- 

An insertion piasmid for the F16 locos of TROVAC was 45TACTTTGTAATATAAT- 
derived in the foDowing manner. A 73 kb Nael/Ndel frag- GATATATAITiTCACTTTArCTC AC-3% containing the 
ment was isolated from a piasmid containing the 105 kb j3l promoter* into the 4,070 bp Xhol-Bgin fragment of 
Hindffl fragment of fowlpox virus described by Tartaglia et pSD542 (defined in Example 15). The piasmid generated by 
al. (1990) and ligated to similarly digested pUC9 creating this inanipulation is called pHIV21. 

P ^^a?dtested with PvuH and an EcoRI linker * E*™^s J-n^^ 

U^l^cntc Fvu^^^^d^ 15. A T^ WaS ^m^hedby ctoiung a 280 bpBcH-Smal PCR 
7T . « r\ f , ^ B f«»iuki|wvtt fragment, containing the 3 -end of the pol Rene, into the 

cloning site flanked by fowlpox sequences was generated by a fn!^ n^ut^if^^^^ rtmn mm iSuw^ fJ™ 
PCR amplification of a portion ofthe 10.5 kb fragment with "00 bp Bcfl-Smal fragn^t of pl^l. TT^sPCR frag- 
7^ ET™/ r*!Zr,t, r\ T™75^™t-T ment was generated from the piasmid. pISSYEGP. wim the 

primers RW264 (SEQ ID NO: 169) (5*- AATTAACCCGG- 55 ~^ nn Z^i^T Imry^o^pn m wrviiAwc 
fiATrr AAflrTTPTAnrTAfirTAATTTT. oligonucleotides, HIV2P2 (SEQ ID NO:174) (5- 
^SSS^J£^ItOT^"«d ATGG^GTTCATTGCAT-3') «d HIV2P3 (SEQ ID 

S™i?Al 5 dSSS TTODCGGOAQATClCTAIXKXIAITrcrCXIAr-y). The 

(5 - GITACATAIXnACAGAAjXnT}^ -3*) and pHIV22 was used in recombination experiments with 

RW265 (SEQ ID NO:172) (5*- CTAGCIAGAAGCrTG- NYVAC (VP866) as the rescuing virus to yield VP1045. 
GATCCCGGGTTAATTAAT- Iminunopreripitation analysis was performed to deter- 

TAATAAAAAGCGGCCGCGTTAAAGTAG AAAAATG m™e whether vP1045 expresses authentic HIV2 gag gene 
-3*)- These PCR-derived fragments were fused by a third 65 products. 

PCR using primers RW266 (SEQ ID NO: 171) and RW267 Lysates from the infected cells were analyzed for HIV2 

(SEQ ID NO: 170). The resulting PCR-derived fragment gag expression using pooled serum from HIV2 seropositive 
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individuals (obtained from Dr. G. Franchini (NC3-NIH)). Example 4). contains the H6-promoted HIV2 env (gpl60) 

The sera was preadsorbed with vP866 infected Vero cells. gene. The H6-promoted env gene from this plasmid was 

The preadsorbed sera was bound to Protein A-sepharose in cloned between canary pox flanking arms. This was accora- 

an overnight incubation at 4° C Following this incubation plished by cloning the 2.700 bp XhoI-SacH fragment of 

period, the material was washed 4xwith lxbuffer A. Lysates 5 pBSH6HIV2ENV; containing me H6-r*omoted env gene, 

preclearcd with normal human sera and protein A-sepharose ^ me oligonucleotides. HIV2L4 (SEQ ID NO: 176) (5- 

were then incubated overnight at 4° C with the HIV2 GGTTG-3') and HIV2L5 (SEQ ID NO: 177) (5*- 

seropositive human sera bound to protein A-sepharose. After AAITCAACCGC-3*), into the XboI-EcoRI site of pC6L 

die ovcnii^t inc^on period, the samples were washed (dcflncd m Example 50). The plasmid generated by this 

4xwith lxbuffer A and 2xwith a UCVurea buffer. Precipe M n^anip^ooTc^ed pfflV23. 

tated proteins were dissociated from the immune complexes 1 / . . . . 

by the addition of 2xLaemmli*s buffer (125 mM Iris HIV2 gag and pol genes were then cloned into 

(pH6.8). 4% SDS. 20% glycerol 10% 2>mercaptoethanoD pHTV23. This was accomplished by cloning the 4,450 bp 

and boiling for 5 min. Proteins were fractionated on a 10% Xmal-Nott fragment of pHTV22. containing the J3L- 

Dreyfuss gel system (Dreyfuss et al.. 1984). fixed and promoted HIV2 gag and pol genes, and the oligonucleotides, 

treated with 1M Na-salicylate for fluorography. 15 HIV2L6 (SEQ ID NO: 131) and HTV2L7 (SEQ ID NO: 132), 

Human sera from HTV2 seropositive individuals spedfi- into the 7.000 bp Xmal-Xhol fragment of pHIV23. The 

caUy precipitMed the HIV^ gag precursor r^^ as plasmid generated by this manipulation is called pHIV25. 

various intermediate and mature gag cleavage protein pHTV25 was used in recombination experiments with 

products, from vP1045 infected cells, but did not precipitate ALVAC (CPpp) as the rescuing virus to yield vCP153. 

P™** 5 *"* Mertcd * NYVA ^ 20 Immunoprecipitation analysis was performed as 

described above, but with CEF cell monolayers to determine 

EXAMPLE 35 whether vCP153 expresses authentic HTV2 gag and env 

GENERATION OF NYVAC7HTV2 gag/pol AND 8 CDC P^cts. 

env (gpl60) RECOMBINANT 25 Lysates from the infected cells were analyzed for HTV2 

A plasmid. pKSYEGE containing the HTV2 gag and pol **g ^^^^^^^ 
gcneTwas obtained from Dr. G. Fra^chim (Nd-NIH). The <?' 
iag and pol genes from this plasmid were cloned down- P^"^^ ^ ^J^f^ ^^Jf 
SLn ofthe DL promoter and between vaccinia virus & F**^' ™ e " ^ * 

flanking arms. TOs was accomplished by intialry preparing 30 1^ A-sepharc*^ an ove^ in^baUon at 4° C 

ph3pHIV22 as desmT>edabove (see Example 34^ ^^t^^^lT^ was l washcd 

™- 1- v -r 4xwith lxbuffer A. Lysates precleared with normal human 

pfflV22 was used in recomb^ apermterts with m ^ A-sepLrose war then incubated overnight 
VP920 as tbe rescuing virus to yidd vP104r at 4= C with the ffl^seropositive human s«» boundto 

Ininmnoprcapitation e^enmeiib iwtfi i VP1047 infected ^ A _ sepnaf08e . After the overnight incubation period. 
^ W ™ P« rfonncd *t **f?^^ me samples were washed 4xwith lxbuffer A and 2xwith a 

of the MV2 gag protons. No HIV2-specific species were ucyurea buffer. Precipitated proteins were dissociated 
prec^i^frc^n^Mccted cells. fr< ^f ^ immune comp i exes by the addition of 

responding to the HTV2 env and gag precursor proteins, as 2xLacmmli , s buffer (125 mM Tris (pH6.8). 4% SDS. 20% 
well as various intermediate and mature gag deavage glycerol 10% 2-mercaptoethanol) and boiling for 5 min. 
products , were precipitated, however, from lysates of Protons were fractionated on a 10% Dreyfuss gel system 
VP1047 infected cells. (Dreyfuss et aL. 1984). fixed and treated with 1M 

EXAMPLE 36 Na-salicylate for fluorograpby. 

GENERATION OF NYVAC/HIV2 gag/pol AND Human sera from KV2 seropositive individuals specifi- 

env (gpl20) RECOMBINANT 45 "H? precipitated the HIV2eiiv and gag {mcursor proteins. 

. . „ . . , .„„ , . as well as various intermediate and mature gag deavage 

A plasimd rdSST^.^n^g the Hm gagand pol pnKh ^ n ^ vC Pi53iirfectedcelKbmdidn(«i«e^ 
genes was obtained from Dr. G. Prandum (NO-NM). The my^speciflc proteins from mock infected or ALVAC 
gag and pol genes from this plasmid were cloned down- infected cells, 
stream of the DL promoter and between vaccinia virus tit x 

flanking arms. This was accomplished by initially preparing EXAMPLE 38 

plasmid pHTV22 as described above (see Example 34). 

pKV22 was used in recombination experiments with EXPRESSION OF STV GENES IN NYVAC 

VP922 as the rescuing virus to yidd VP1044. GENERATION OF NYVAOSTV env (gpl20-gp28) 

Inimunopredpitation experiments with VP1044 infected „ AND gag (PROTEASE-) RECOMBINANT 
cells were performed as described above for the expression Immimorj^cipitation analysis was performed to deter- 
of the HIV2 gag proteins. No HIV2-specific species were mine whether vP948 (defined in Example 5) expresses 
precipitated from mock infected cells. Protein species car- authentic STV env and gag precursor proteins, 
responding to the HTV2 env and gag precursor proteins, as Lysates from the infected cells were analyzed for SIV env 
well as various intermediate and mature gag cleavage 60 and gag precursor expression using serum from SIV serop- 
products, were precipitated, however, from lysates of ositive n«PM|iiM (obtained from Dr. G. ftaiichini (NQ- 
VP1044 infected cells. NIH)). The sera was preadsorbed with NYVAC (vP866) 

EXAMPLE 37 infected Vero cells. The preadsorbed sera was bound to 

Protein A-sepharose in an ovenrifijit incubation at 4° C. 
EXPRESSION OF fflV2 GENES IN ALVAC ^ Following this incubation period the material was washed 

Generation of ALVAC/HTV2 gag/pol and env (gpl60) 4xwith lxbuffer A. Lysates precleared with normal macaque 
recombinant. The plasmid, pB$H6HIV2ENV (defined in sera and protein A-sepharose were then incubated overnight 
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at 4° C. with the SIV seropositive macaque sera bound to 
protein A-sepharose. After the overnight incubation period 
the samples were washed 4xwith lxbuffer A and 2xwith a 
LiCljAirea buffer. Precipitated proteins were dissociated 
from the immune complexes by the addition of 5 
2xLaemmli's buffer (125 mM Iris (pH6.8). 4% SDS, 20% 
glycerol. 10% 2-mercaptoethanol) and boiling for 5 min. 
Proteins were fractionated on a 10% Dreyfuss gel system 
(Dreyfuss et al.. 1984). fixed and treated with 1M 
Na-salicylate for fluorography. 10 

Macaque sera from SIV seropositive individuals specifi- 
cally precipitated the SIV gag precursor protein and the 
envelope glycoprotein from vP948 infected cells, but did not 
precipitate SIV-specific proteins from mock infected cells. 

EXAMPLE 39 

GENERATION OF NYVAC/SIV gagfeol 
RECOMBINANT 

A plasmid. pSIVGAGSSllG. containing STV UAOl42 20 
cDNA sequence was obtained from Dr. G. Franchini (NCI- 
NIH). The gag and pel genes from mis plasmid were cloned 
downstream of the BL promoter and between vaccinia virus 
tk flanking arms. This was accomplished by preparing 
plasmid pSIVG5 as described above (see Example 5). 25 

pSIVGS was used in recombination experiments with 
NYVAC (vP866) as the rescuing virus to yield vP1042. 

Immunoprecipitatton experiments with vP1042 infected 
cells were performed as described above for the expression 30 
of the SIV env and gag precursor proteins. No SIV-specific 
species were precipitated from mock infected or NYVAC 
infected Vero cells, Protein species corresponding to the gag 
precursor protein, as well as various intermediate and mature 
gag cleavage products, were precipitated however, from 35 
lysates of vP1042 infected cells. 

EXAMPLE 40 

GENERATION OF NYVAC/SIV gag/pol AND env 

(gpl2f>gp41) RECOMBINANT 40 

pSIVG5 (Example 5) was used in recombination experi- 
ments with vPlQSOas the rescuing virus to yield vP1071. 

minnmcprecrpitation experiments with vP1071 infected 
cells show expression of SIV genes. 45 

EXAMPLE 41 

GENERATION OF NYVAC/SIV gag/pol AND env 

(gp!20-gp28> RECOMBINANT ^ 

pSIVGS (Example 5) was used in recombination experi- 
ments with vP874 as the rescuing virus to yield vP943. 

mimunoprecqxitation experiments with vP943 infected 
cells were performed as described above for the expression 
of the SIV env and gag precursor proteins. No SIV-specific « 
species were precipitated from mock infected Vero cells. 
Rrotein species corresponding to the env and gag precursor 
proteins, as well as various intermediate and mature gag 
cleavage products, were precipitated, however, from lysates 
of vP943 infected cells. « 

EXAMPLE 42 

GENERATION OF NYVAC/SIV pl6, p28 

RECOMBINANT ^ 

Immimopredpitation experiments with vP942 (Example 
5) infected cells were performed as described above for the 
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expression of the SIV env and gag precursor proteins. No 
SIV-specific species were precipitated from mock infected 
Vero cells. Protein species corresponding to pl6 and p28 
were precipitated, however, from lysates of vP°42 infected 
cells. 

EXAMPLE 43 

GENERATION OF NYVAC/SIV p!6, p28 AND 
env (gpl20-gp28) RECOMBINANT 

Immunoprecipitation experiments with vP952 (Example 
5) infected cells were performed as described above for the 
expression of the SIV env and gag precursor proteins. No 
SIV-specific species were precipitated from mock infected 
Vero cells. Protein species corresponding to env and p!6 and 
p28 were precipitated, however, from lysates of vP952 
infected cells. 

EXAMPLE 44 

GENERATION OF NYVAC/SIV env (gpl20-gp41) 
RECOMBINANT 

The plasmid. pSIVEMVC contains the H6-promoted 
SIV tfi4C142 envelope gene (in vitro selected truncated 
version). The region of the envelope gene containing the 
premature termination codon was cloned into pBSK+. This 
was accomplished by doning the 1.120 bp Oal-BamHI 
fragment of pSIVEMVC into the Clal-BamHI site of 
pBSK+. The plasmid generated by mis manipulation is 
called pSIVlO. 

The upstream termination codon. TAG. was then changed 
to the original CAG codon. This was accomplished by 
cloning the oligonucleotides. SIVL20 (SEQ ID NO:178) 
( 5 

CTAGCTAAGTTAAGGCAGGGGTATAGGC- 
CAGTGTTCTCTTCCCCACCCTCT- 
TATTTCCAGCAGAC TCATACCCAAC AG-3' ) and 
SIVL21 (SEQ ID NO:179) (5 r - 
G TC CT GTT G GGT AT GAGTCTGCTG- 
G A A ATAA G A GGGTG GGG A AG AG A A- 
CACTGGCCTATACCCCT GCCTTAACTTAG-3'), into the 
4.000 bp Nhel-PpuMI fragment of pSIVlO. The plasmid 
generated by this manipulation is called pSIVll. 

The region containing the modified codon was then 
cloned back into pSIVEMVC This was accomplished by 
cloning the 380 bp Bglll-Nhel fragment of pSIVll. con- 
taining the modified codon. into the 5.600 bp partial BgTU- 
Nhel fragment of pSIVEMVC. The plasmid generated by 
this manipulation is called pSIVlZ. 

pSIV12 was used in in vitro recombination experiments 
with NYVAC (VP866) as the rescuing virus to yield vPlOSa 

Imnmncprecipitation experiments with vPlQSO infected 
cells were performed as described above for the expression 
of the SIV env and gag precursor proteins. No SIV-specific 
species were precipitated from mock infected or NYVAC 
infected Vero cells. A protein species corresponding to env 
was prec^itated, however, from lysates of vPlOSO infected 
cells. 

EXAMPLE 45 

EXPRESSION OF SIV GENES IN ALVAC 

Generation of ALVAC/SIV gag/pol recombinant A 
plasmid. pSIVGAGSSllG. containing SIV^^ cDNA 
sequence was obtained from Dr. G. Franchini (NQ-NIH). 
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The gag and pol genes from this ptasmid were cloned Qal-BamHI fragment of pSIVEMVC into the Qal-BamHI 

downstream of the BL promoter and between vaccinia vims site of pBSK+. The plasmid generated by this manipulation 
flanking arms. This was accomplished by initially preparing is called pSIVlO. 

plasmid pSIVGS as described above (see Example 5). The upstream termination codon, TAG, was then changed 
The gag/pol genes were then cloned between canary pox 5 to the original CAG codon. This was accomplished by 
flanking arms. This was accomplished by cloning the 4.500 cloning the oligonucleotides. SIVL20 (SEQ ID NO:178) and 

bp Smal-NotI fragment of pSIVG5, containing the BL- SIVL21 (SEQ ID NO:179). into the 4,000 bp Nhel-PpuMI 
promoted gag/pol genes, into the Smal-NotI site of pC5L fragment of pSIVlO. The plasmid generated by this manipu- 

(defined in Example 10). The plasmid generated by this lation is called pSIVll. 

m a nip u lat ion is called pSIVGCD. 10 The region containing the modified codon was then 

pSIVGC13 was used in recombination experiments with cloned back into pSIVEMVC. This was accomplished by 

ALVAC (CPpp) as the rescuing virus to yield vCP172. cloning the 380 bp Bgffl-Nhel fragment of pSIVll into the 

Immunoprecipitation experiments with vCP172 infected 5.600 bp partial BglH-Nhel fragment of pSIVEMVC The 

cells show expression of SIV genes. 15 plasmid generated by this m anipula ti on is called pSIV12. 

The env gene was then cloned between canary pox 

EXAMPLE 46 flanking arms. This was accomplished by cloning the 2.700 

bp Nrul-Asp718 fragment of pSIV12. containing the 

EXPRESSION OF SIV GENES IN ALVAC ^promoted env gene, into the 7,400 bp NruI-As P 718 

Generation of ALVAOSIV env (gpl20-gp41) and gag/pol 20 fra ^ mcot I^QH6C5SLP18. The plasmid generated by 

RecomWiiaiiLAplasiiu^ manipulation is called pSIVGC15. 

ian immunodeficiency virus (SIV wtacU2 ) cDNA sequence pSIVGC15 is used in in vitro recombination experiments 

was obtained from Genoveffa Franchini (Nd-NTH). The with ALVAC as the rescuing virus, 
gag/pol genes from this plasmid were cloned downstream of 

the BL promoter and between vaccinia virus flanking arms, 25 EXAMPLE 47 

This was accomplished by cloning the 4.800 bp CfoI-TagI ™ atton of wtv 1 rjRNpc ixr at vac 

fragment of pSIVGAGSSHG. containing the gag/pol genes. GENERATION OF HIV1 GENES IN ALVAC 

and the oligonucleotides, STVL1 (SEQ ID NO:69) and Generation of ALVAC/HIV1 gag (+pro) (UIB) and gpl20 

STVL2 (SEQ ID NO:70), encoding the vaccinia vims BL (-Kransmembrane) (MN) Recombinant. A plasmid. 
promoter, into the 4,070 bp XhoI-AccI fragment of 30 pHXB2D. containing human immunodeficiency vims type 1 

pSDS42VCVQ. The plasmid generated by this manipulation (my i) cDNA sequence (TUB) was obtained from Dr. R. G 

is called pSIVGl. Gallo (NCt-NIH). The sequence encoding the y-ead of the 

Extraneous B'-noncodtng sequence was then eliminated. gag gene was cloned between vaccinia virus tk flanking 

This was accomplished by cloning a 1.000 bp BamHI-Hpal arms. This was accomplished by cloning the 1.625 bp BgUI 

PGR fragment containing the 3'-end of the pol gene, into the 35 fragment of pHXB2D, containing the 5*-end of the gag gene. 

7.400 bp partial BamHI-Hpal fragment of pSIVGl. (This into the 4.075 bp Bgffl fragment of pSD542VCVQ. The 

PCR fragment was generated from the plasmid. plasmid generated by this manipulation is called pHIVG2. 

pSTVGAGSSllG. with the oligonucleotides. STVP5 (SEQ The 3*-end of the gag gene was then cloned into pHTVG2. 

ID NO:71) and SIVP6 (SEQ ID NO.72)). The plasmid This wa s accomplished by cloning a 280 bp Apal-BamHI 

generated by this manipulation is called pSIVG4. 40 pcR fragment attaining the J-end of the gag gene, into 

Sequencing analysis revealed that pSIVG4 contains a the 5,620 bp Apal-BamHI fragment of pHIVG2. (This PCR 

single base pair deletion within the pol gene. To correct this fragment was generated from the plasmid. pHXB2D. with 

error the 2320 bp BglH-StuI fragment of pSIVGl was the oligonucleotides* HIVP5 (SEQ ID NO: 116) and HTVP6 

doned into the 6J00 bp partial BgmStuI fragment of (SEQ ID NO: 117)). The plasmid generated by this manipu- 

pSIVG4. The plasmid generated by this manipulation is 45 lation is called pfflVG3. 

called pSIVG5. The BL promoter was then cloned upstream of the gag 

The gag/pol genes were then cloned between canary pox gene. This was accomplished by cloning the 

flanking arms. This was accomplished by cloning the 4.500 oligonucleotides, ETJVL17 (SEQ ID NO:118) and HIVX18 

bp Smal-NotI fragment of pSIVG5. containing the BL- ^ (SEQ ID NO:119). encoding the vaccinia virus BL promoter 

promoted gag/pol genes* into the Smal-NotI site of pCSL. and the 5 t -end of the gag gene, into the 5*540 bp partial 

The plasmid generated by mis maiupulation is called BgUI-Glal fragment of pHIVG3. The plasmid generated by 

pSIVGCD. this manipulation is called pHTVG4. 

The SIV env gene was then doned into pSIVGC 13 . This The portion of the gag gene encoding p24 . p2, p7 and p6 

was accomplished by cloning the £L roti DNA r>olymcrase 55 was then eliminated. This was accomplished by cloning the 

I (Klenow fragment) filled-in 2*750 bp partial Bgffl-XhoJ oligonucleotides, HIVL19 (SEQ ID NO: 120) and HIVL20 

fragment of pSIVIZ containing the H6-promoted STV env (SEQ ID NO: 121). into the 4.450 bp partial PvuII-BamHI 

gene, into the Smal site of pSIVGCB. The plasmid gener- fragment of pHIVG4. The plasmid generated by this 

ated by this manipulation is called pSXVGC14v manipulation is called pHTVGS. 

pSIVGC14 is used in in vitro recombination exr>eriments &) The remainder of the gag gene, as well as the pol gene, 

with ALVAC as the rescuing virus. was then cloned downstream of the pl7 "gene". This was 

Generation of ALVAOSIV env (gpl20-gp41) Recombi- accomplished by cloning the 4.955 bp Oal-Sall fragment of 

nant A plasmid. pSIVEMVC, contains the H6-promoted pHXB2D. containing most of the gag gene and all of the pol 

simian irnmuDodeficiency virus envelope gene (in vitro gene, into the 4.150 bp Oal-Sall fragment of pHTVG5. The 

selected truncated version). The region of the envelope gene 65 plasmid generated by this m a n ipu l a t i o n is called pMVG6. 

containing the premature termination codon was doned into Extraneous 3'-noncoding sequence was then eliminated. 

pBSK+. This was accomplished by cloning the 1.120 bp This was accomplished by cloning a 360 bp AfiTI-BamHI 
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PCR fragment containing the 3 '-end of the pol gene, into the The remainder of the gag gene, as well as the pol gene, 

8.030 bp AflH-BamHI fragment of pHTVG6. (This PCR was then cloned downstream of the pl7 "gene". This was 

fragment was generated from the plasmid. pHXB2D. with accomplished by cloning the 4.955 bp Clal-Sall fragment of 

the oligonucleotides, HTVF7 (SEQ ID NO: 122) and HIVP8 pHXB2D. containing most of the gag gene and all of the pol 
(SEQ ID NO:123)). The plasmid generated by this manipu- 5 gene, into the 4,150 bp Oal-SaH fragment of pHIVG5. The 

lation is called pHTVG7. plasmid generated by this manipulation is called pHIVG6. 

mrMte ^ * nw%A w ^ Extraneous 3*-noncoding sequence was then eliminated. 

d^r^^60 bp partial Bg^BamM fragment of So^^ZnT^ 

pHIVG7. containing the DL-rm>moted gag and pol genes, 10 fragment was generated from the pUsmid. pHXB2D. with 

into the BamHI site of pVQH6CP3L. The plasmid generated ^ oligonucleotides. HIVF7 (SEQ ID NO: 122) and HTVP8 

by this manipulation is called pHIVGEM. (SEQ ID NO: 123)). The plasmid generated by this manipu- 

The H6-promoted HIV1 gpl20 (-Kransmembrane) gene lation is called pHIVG7. 

was then cloned intopHTVGE14. This was accomplished by The DL-promoted gag and pol genes were then inserted 

cloning the 1.700 bp Nrul-Smal fragment of 15 into a canary pax insertion vector. This was accomplished by 

pC5HTVMN120T. containing the gpl20 (^transmembrane) cloning the 4360 bp partial BglH-BamHI fragment of 

gene, into the 11.400 bp Nrul-Smal fragment of pHTVGEH. pHIVG7. containing the BL-promoted gag and pol genes. 

The resulting plasmid is called pHTVGElir. into the BamHI site of pVQH6CP3L. The plasmid generated 

Most of the pol gene was then removed. TO, was „ ^tvT^-Lm - «ne (MM 

accomplished by doning a 540 bp Apal-BamHI PCR "* "fr-promoted luvl envelope gpl20 gene (MN) 
fragmenTcoiitaining the 3'-end of the HIV1 protease ™ *« ***** ^P?!™ 4 ' ™! ^accomplished 
"gene", into the 10.000 bp Apal-BamHI fragment of "j-^ZS * P J. 1 ^" ^ 

^^'f^^n^S 25 NO: 129) art HIVL30 (SEQ ID NO: 130). into the llloO bp 
I? °A l J 6 Jjt"L^iyilJ (SEQ J? N 9ll?" ; Nml-Xhol fragment of pHIVGEU. The plasmid generated 
5 -AAAGGATCCCCCGGGTTAAAAATTTAAAGTGC- by this manipulation is called pfflVGElS 
AAaXJ-ft This manipulation ranoves most of the pol ^ H<HromDted HTVl envelope "gpl20 " gene (MN) 
gene, but leaves the protease ^gene intact The plasmid and the DL-promoted gag and pel genes (IIIB) were then 
generated by this manipulation is called pHIV32. M jjjsexted into a vaccinia virus insertion vector. This was 

pHTV32 is used in in vitro recombination experiments accomplished by cloning die 6.400 bp Notl-BamHI rrag- 
with ALVAC as the rescuing vims. meat of pHIVGE15. containing the H6-promoted HTVl 

envelope "gpl20" gene (MN) and the BL-promoted gag and 
EXAMPLE 48 pol gees (TUB), into the 4.000 bp Notl-Bgin fragment of 

GENERATION OF HTVl GENES IN NYVAC 33 pS^C^in plasnnd gencx^ by 

Generation of NYVACyHIVl gag (-rpro) and gpl20 The "gpl2(T gene was then replaced by the **gpl60" 
(4transinembrane) Recombinant. A plasmid, pHXB2D. con- gene. This was accomplished by doning the 2*600 bp 
taining human immunodeficiency virus type 1 (HTVl) NruI-NotI fragment of piltSHMNE (defined in Example 10). 
cDNA sequence (TJIB) was obtained from Dr. R. G Galk> coiitaining the entire HTVl envelope gene (MN). into the 
(NO-NIH). The sequence ericoding the 5'-end of the gag 8,000 bp partial Nru^NoU fragment of pHIVGE16. The 
gene was cloned between vaccinia virus tk flanking arms. plasmid generated by this manipulation is called 
This was accomplished by cloning the 1,625 bp BgUI pHIVGE19. 

fragment of pHXB2D. containing the 5 , -end of the gag gene. The part of the env gene encoding gp41 was then replaced 
into the 4.075 bp BgUI fragment of pSD542VCVQ. The ^ with the env transmembrane region. This was accomplished 
plasmid generated by this manipulation is called pHTVG2. by cloning the 1.700 bp NruI-NotI fragment of 
The 3'-end of the gag gene was then cloned into pHIVG2. pBSHTVMN120T. containing the H6-promoted gpl20 
This was accomplished by cloning a 280 bp Apal-BamHI (4transmemhrane) gene, into the 8.500 bp partial NruI-NotI 
PCR fragment, containing the 3*-end of the gag gene, into fragment of pHTVGE19. The resulting plasmid is called 
the 5 ,620 bp Apal-BamHI fragment of pHTVGft. (This PCR „ pHIVOT19T. 

fragment was generated from the plasmid. pHXB2D. with Most of the pol gene was then removed. This was 
the oligonucleotides. HTVPS (SEQ ID NO: 116) and HIVP6 accomplished by cloning a 540 bp Apal-Smal PCR 
(SEQ ID NO: 11 7)). The plasmid generated by this manipu- fragment, containing the 3*-end of the HTVl protease 
lation is called pHIVG3. "gene", into the 7,000 bp Apal-Smal fragment of 

The DL promoter was then cloned upstream of the gag 33 pHIVGE19T. (This PCR fragment was generated from me 
gene. This was accomplished by cloning the plasmid. pHTVG7, with the oligomicleotides. HTVP5 (SEQ 
oligonucleotides. HIVL17 (SEQ ID NO: 11 8) and HTVL 18 D) NO:lH>) and HTVP37 (SEQ ID NO:180)). This manipu- 
(SEQ ID NO: 119). encoding the vaccinia virus DL promoter removes most of the pol gene, but leaves the protease 

and the y-end of the gag gene, into the the 5340 bp partial "gene" intact The plasmid generated by this manipulation is 
Bgm-Clal fragment of pHIVG3. The plasmid generated by 60 called pHIV33. 

this manipulation is called pHTVG4. pHTV33 is used in in vitro recombination experiments 

The portion of the gag gene encoding p24. p2. p7 and p6 with NYVAC as the rescuing virus, 
was then eliminated. This was accomplished by cloning the EXAMPLE 49 

cdigomicleotides. HTVL19 (SEQ ID NO: 120) and HTVL20 

(SEQ ID NO:121). into the 4,450 bp partial PvuII-BamHI 63 GENERATION OF HIV2 GENES IN ALVAC 
fragment of pHIVG4. The plasmid generated by this Generation of ALVAC/HIV2 gag/pol Recombinant A 
manipulation is called pHTVG5. plasmid. pBSH6HIV2ENV (defined in Example 4). contains 
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the H6-promoted human immunodeficiency virus type 2 The gag and pol genes were then removed. This was 

(HP/2) env gene: The H6-promoted env gene from this accomplished by cloning the oligonucleotides, HTV2L10 

plasmid was cloned between canary pox flanking arms. This (SEQ ID NO: 183) and HIV2L11 (SEQ ID NO: 184). into the 

was accomplished by cloning the 2.700 bp XhoJ-SacII 7.000 bp partial BamHI-Smal fragment of pHTV25. The 

fragment of pBSH6HIV2ENV and the oligonucleotides, 5 plasmid generated by this manipulation is called pHTV28. 

szssezszs&ssssBSR j^rsasafijv: 

promoted HTV2 gag and pol genes, and the oligonucleotides, fragment of pHIV28. The plasmid generated by this manipu- 

HIV2L6 (SEQ ID NO: 13 1 ) and HIV2L7 (SEQ ID NO: 132). lation is called pHIV29. 

into the 7.000 bp Xmal-Xhol fragment of pHIV23. The pHIV29 is used in in vitro recombination experiments 

plasmid generated by this manipulation is called pHTV25. 15 with ALVAC as the rescuing virus. 

The env gene was then removed. This was accomplished Generation of ALVAC/HIV2 gag/pol and gpl20 Recom- 

by cloning the oligonucleotides. HIV2L8 (SEQ ID NO: 181; binant A plasmid. pBSH6BTV2ENV (defined in Example 

5 -CGATAAACCGC-3*) and HIV2L9 (SEQ ID NO: 182; 4) mc H 6-promoted human immunodeficiency 

5*-GOTTTAT-3'). into the 8.800 bp partial Oal-SstH frag- virus type 2 (HIV2) env gene. Hie H6-promoted env gene 

ment of pHIV25. The plasmid generated by this manipula- 20 this plasmid was cloned between canary pox flanking 

don is called pHIV27. arms. This was accomplished by cloning the 2.700 bp 

pHIV27 was used in in vitro recombination experiments XhoI-SacH fragment of pBSH6HIV2ENV and the 

with ALVAC as the rescuing virus to yield vCP190. oligonucleotides. HIV2L4 (SEQ ID NO:176) and HIV2L5 

Generation of ALVAC/mV2 env (gpl60) Recombinant A (SEQ ID NO: 177). into die XhotEcoRI site of pC6L 

plasmid. pBSH6HIV2ENV (defined in Example 4). contains (defined in Example 50). The plasmid generated by this 

the H6-promoted human immunodeficiency virus type 2 manipulation is called pHIV23. 

(HIV2) env gene. The H6-promoted env gene from mis . mv2 gag and pol genes were then cloned into 

plasmid was cloned between canary pox flanking arms. This p HIV23. This was accomplished by cloning the 4.450 bp 

was accomplished by cloning the 2.700 bp XhoI-SacH w xmal-Notl fragment of pHIV22, containing me BL- 

fragment of pBSH6HIV2ENV and the oligonucleotides, promoted HIV2 gag and pol genes, and the oligonucleotides. 

HIV2L4 (SEQ ID NO: 176) and HIV2L5 (SEQ ID NO: 177X HTV2L6 (SEQ ID NO:131) and HIV2L7 (SEQ ID NO: 132). 

into the XhoI-EcoRI site of pGSL (defined in Example 50). ^ me 7 000 ^ Xmal-Xhol fragment of pHIV23. The 

The plasmid generated by this manipulation is called plasmid generated by this mampulation is called pHIV25. 

piny23. ... 35 The gag and pol genes were then removed. This was 

Hie HIV2 gag and pol genes were then cloned into ^mpO^ domng a* oligonucleotides, HIV2L10 

prara This was accomrJishedby cloning the 4-450 bp (S EQ ID NO:183) and HIV2L11 (SEQ ID NO:184X into the 

Xmal-NotI fragment of pHIV22. contaimng the BL- 7 000 ^ BamH,^^ ftagment of pHIV25. Hie 

promoted HIV2 gag and pol genes, and the oligonucleotides. ^ a$mid gcoerated ^ ^ manipulate is called pfflV28. 

fflV2L6(SEQIDNO:131)andHIV2L7(SEQIDNai32). M P^™ 1 " gciraicu uy uu* mampuiauuii i> «uicu v*o. 

into the 7.000 bp Xmal-Xhd fragment of pHIV23. The 40 J^J^L* ZS^S^o^ 
plasmid generated by this mampulation is called pHIV25. TH^. '£2£mZ£& ^ 1?? J5 
ThTgag and pol genes wttT&en removed. This was &fgment of r^HIV2120B. c^ta^the J^end 

ST^S - V^AA^TanriE^Lll fSKO m NO: 185) and fflV2L13 (SEQ ID NO:186). into the 5.600 

^ 7 000 bp par- this maiiipulation is called pHIV29. 

tial BamHI-Smal fragment of pHIV25. The plasmid gencr- 1 f «*t 

ated by this manipulation is called pfflV28. T**e gpl20 gene was then cloned into pHIV25. This was 

PHIV28 was used in in vitro recornbinatioa experiments a f^^ d ^^J^J/I^^^ 
with ALVAC as the rescuing virus to yield vCPlS. « of pHIV29. contaimng the H6-promoted gpl20 gene, into 

Generation of AuSlV2 gpl^ Reoombiiiant A S^ovSmSuSt cSSS' ****** 
plasmid. pBSH6HIV2ENV. contains the ^promoted gcocratcd * *"* ™Bf***<* * P 3 ™ 
human inimiiiKxfeficiency virus type 2 (fflV2) env paie. pHIV30 is used in in vitro recc^bination experiments 
The H6-promoted env gene from this plasmid was cloned ^ ALVAC as the rescuing virus, 
between canary pox flanking arms. This was accomplished 35 Generation of ALVAC/HIV2 gpl20 (^transmembrane) 
by cloning the 2.700 bp XhoI-SacH fragment of Recombinant A plasmid. pBSH6HIV2ENV (defined in 
pBSH6HIV2ENV (defined in Example 4) and the Example 4). contains me H6-promoted human immunode- 
oligonucleotides. HIV2L4 (SEQ ID NO: 176) and HIV2L5 ficiency virus type 2 (HIV2) env gene. The H6-promoted 
(SEQ ID NO: 177). into the XhoI-EcoRI site of pC6L. The env gene from this plasmid was cloned between canary pox 
plasmid generated by this manipulation is called pHTV23. 60 fl&nking arms. This was accomplished by cloning the 2.700 

The HIV2 gag and pol genes were then cloned into bp XhoI-SacH fragment of pBSH6HIV2ENV and the 
pHIV23. This was accomplished by cloning the 4.450 bp oligonucleotides. HIV2L4 (SEQ ID NO: 176) and HTV2L5 
Xmal-Nofl fragment of pHIV22. containing the DL- (SEQ 10 NO: 177). into the XhoI-EcoRI site of pC6L 
promoted HIV2 gag and pol genes, and the oligonucleotides. (defined in Example 50). The plasmid generated by this 
HIV2L6 (SEQ ID NO: 13 1) and HIV2L7 (SEQ ID NO: 132). « manipulation is called pHIV23. 

into the 7.000 bp Xmal-Xhol fragment of pHlV23. Hie The HIV2 gag and pol genes were then cloned into 
plasmid generated by this manipulation is called pHIV25. pHIV23. This was accomplished by cloning the 4450 bp 
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Xmal-NotI fragment of pHTV22. containing the BL- HIV2L13 (SEQ ID NO: 186). into the 5.600 bp Pstl-Sstn 

promoted HIV2 gag and pol genes, and the oligonucleotides, fragment of pHIV28. The plasmid generated by this manipu- 

HIV2L6 (SEQ ID NO:131) and HIV2L7 (SEQ ID NO: 132). lation is called pHIV29. 

into the 7,000 bp Xmal-Xhol fragment of pHIV23. The The HTV1 env transmembrane region was then cloned 

plasmid generated by this manipulation is called pHIV25. s onto the end of the gpl20 gene. This was accomplished by 

The gag and pol genes were then removed. This was cloning the 500 bp EcoRI fragment of pHIV3L containing 

accomplished by cloning the oligonucleotides, HIV2L10 the 3'-end of the gpl20 gene and the env transmembrane 

(SEQ ID NO:183) and HIV2L11 (SEQ ID NO: 184). into the region, into the 5.600 bp EcoRI fragment of pHIV29. 

7,000 bp partial BamHI-Smal fragment of pHIV25. The pHIV31 was derived by cloning a 500 bp Pstl-Xbal PGR 

plasmid generated by this manipulation is called pHIV28. 10 fragment, containing the 3*-end of the gpl20 gene and the 

The part of the env gene encoding gp41 was then env transmembrane region, into the Pstl-Xbal site of pIBI25 

removed. This was accomplished by cloning the 360 bp (IBL New Haven. Conn.). This PCR fragment was generated 

Pstl-Xbal fragment of pBSHIV212QB, containing the 3 v -end from the PCR fragment PCKTMI . and the oligonucleotides, 

of the gpl20 gene, and the oligonucleotides. HIV2L12 (SEQ HIVTM1 (SEQ ID NO: 107) and HIVTM2 (SEQ ID 

IDNO:185)andinV2L13(SEQmNO:186).iiitome5,600 15 NO: 108). with the oligonucleotides. HIV2P14 (SEQ ID 

bp Psti-Sstn fragment of pHIV28. The plasmid generated by NO: 187) and H1VTM3 (SEQ ID NO: 109). PCKTMI was 

this manipulation is called pHTV29. generated from the plasmid. pHIV28. with the 

The HIV1 env transmembrane region was then cloned oligonucleotides. HIV2P14 (SEQ ID NO: 187) and H1V2P15 

onto the end of the gpI20 gene. This was accomplished by ( SE Q m NO:188). The plasmid generated by mis manipu- 

doning the 500 bp EcoRI fragment of pHIV31. containing 20 Iation is pHIV34. 

the 3'-end of the gpl20 gene and the env transmembrane The gpl20 (+ transmembrane) gene was then cloned into 

region, into the 5.600 bp EcoRI fragment of pHIV29. a plasmid containing the HIV2 gag/jpol genes. This was 

(pHIV31 was derived by cloning a 500 bp Pstl-Xbal PGR accomplished by cloning the 2,700 bp dal fragment of 

fragment, containing the 3'-end of the gpl20 gene and the pHIV34. containing the H6-promoted gpl20 

env transmembrane region, into the Pstl-Xbal site of pIBI25. 25 (•Hransmembrane) gene, into the 6.800 bp Oal fragment of 

This PCR fragment was generated from the PCR fragment pHIV30. (pHIV30 was derived by cloning the 1.550 bp 

PCKTMI. and me oligonucleotides. HIVTM1 (SEQ ID NruI-SacII fragment of pHIV29. containing the 

NO: 107) and HTVTM2 (SEQ ID NO:108). with the H6-promoted gp!20 gene, into the 9,000 bp Nrul-Sacfi 

oligonucleotides. HIV2P14 (SEQ. ID NO: 187; fragment of pHIV25.) The plasmid generated by this 

5 T -CAGAACTAGO^rArATGT-3 r ) and HIVTM3 (SEQ ID 30 mampulation is called pHIV35. 

NO: 109). PCKTMI was generated from the plasmid. pHIV35 is used in in vitro recombination experiments 

pHIV28. with the oligonucleotides. HIV2P14 (SEQ ID with ALVAC as the rescuing virus. 
NO:187) and HIV2P15 (SEQ ID NO:188; 

5-<XCTCCTACTAlT^OTV*TC^ EXAMPLE 50 

TCCCTGGAGC-3 )). The plasmid generated by this 35 

manipulation is called pHTV34. EXPRESSION OF TWO FUSION PEPTIDES 

pHIV34 is used in in vitro recombination experiments CONTAINING THE p24 EPITOPE OF HIV- 1 gag 

with ALVAC as the rescuing virus. FUSED TO THE Tl AND V3 

Generation of ALVAC/HIV2 gag/pol and gp!20 (+ 40 LOOP EPITOPES OF IOVU env WTIH AND 

^H6^^ * j£Zt WITHOUT THE SIGNAL DOMAIN FROM HIV-1 
H6-promoted human immunodeficiency virus type 2 (HIV2) 

env gene. The H&-promoted env gene from this plasmid was Two expression cassettes were generated by a series of 

cloned between canary pox flanking arms. This was accom- 45 porymerase chain reactions described below. These cassettes 

plished by cloning the 2,700 bp XhoI-SacII fragment of differ in that one version encodes the signal sequences of 

pBSH6(HV2ENV and the oligonucleotides. HIV2L4 (SEQ HIV- 1 env fused to the epitopes whereas the other does not 

ID NO:176) and HIV2L5 (SEQ ID NO:177X into the The version of the fusion peptide with the signal is 

XhoI-EcoRI site of pC6L (defined in Example 50). The preceded by the 51 amino acid N-terrninal portion of HIV-1 

plasmid generated by this manipulation is called pHIV23. ^ (JOB) env, residues 1-50 (plus initiating Met) based on 

The HIV2 gag and pol genes were then cloned into Ratner ct al. (1985) followed by a cleavable linker region. 

pfHV23. This was accomplished by cloning the 4,450 bp The amino acid sequence of this region is (SEQ ID NO: 189) 

Xmal-NotI fragment of pHIV22, containing the 131^ MKEQKTVAMRVTCEKYQHLWRWGWRWGTMLLGM- 

promoted HIV2 gag and pol genes, and the oligonucleotides. l^CSAreKLVATVYYOVP-PFRK. Both versions of the 

H1V2L6 (SEQ ID NO: 13 1) and H1V2L7 (SBQ ID NO: 132). 55 fusion peptide, contain an amino acid sequence based on the 

into the 7,000 bp Xmal-Xbol fragment of pHIV23. The defined T-cell epitopes of p24, the V3 loop (MN). andTl of 

plasmid generated by this manipulation is called pHIV25. HIV-1 (MN) env. The peptide is designed such that the 

The gag and pol genes were then removed. This was epitopes are separated from each other and the signal where 

accomplished by cloning the cdigoouctotides. HIV2L10 present by the sequence (SEQ ID NO: 189) PfFRK. The 

(SEQ ID NO:183) and H1V2L11 (SEQ ID NO: 184), into the eo sequence of this region of the peptide is (SEQ ID NO:190) 

7.000 bp partial BamHI-Smal fragment of pHIV25. The [sigoal-PFRKJ-GPKEPFRDYVDRFYK-PPFRK- 

plasmid generated by this manipulation is called pHIV28. VQINCra FNYN KRKKTOGPGRAFY^ 

The part of the env gene encoding gp41 was then removed. OnSRAK-PlTO-KQIINMWQEVEKAMYA. In the ver- 

This was accomplished by cloning the 360 bp Pstl-Xbal sion lacking the signal sequence, the region indicated by 

fragment of pBSHIV2120B (defined in Example 4). con- 63 (signal-PFRK] is replaced by an initiating methionine only, 

taining the 3*-cnd of the gpl20 gene, and the For the cassette with the signal, the H6 promoter and 

oligonucleotides. HTV2L12 (SEQ ID NO: 185) and signal were derived by PCR from plasmid pBSTlT2TH4.1 
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(described above) usin g prime rs H6PCR1 (SEQ ID NO: 157; 239 bp PCR-derived fragments using primers H6PCR1 

5*- ACTACrAAGC'l lVl J lArTCTArACTTAAAAAGTG (SEQ ID NO: 157) and T1MNFCR (SEQ ID NO:200). 

•3') and SIGPCR24 (SEQ ID NO:191; FoUowing digestion of mis 418 bp PCR-derived fragment 

5' AGGTCCCrrCCTGAATGGAGOrACCCCATAATAG- with Hindm. a fragment of 400 bp was isolated from an 

ACroS"). The p24 epitope was fused to the signal sequence 5 agarose gel. ligated to similarly digested pBS <Stratagenc 

by PCR amplification of this 307 bp PCR-derived fragment La Jolla. Calif.) creating pksmid pMN24EV3TINSA. The 

™?JiE B !!£l^i2Ui A S J??» J£JS£ : A? 2; was verified by nucleotide sequence analysis. 
y-CCAITCACKiAAGGGACCrAAAGAACCrnTAGA- . . _^ ' . ,_„, * 

GATTATGTAG ATAG ATTTTATAA ACCACCTTT *frJ* Sat * > * Y"*? ^^T^ 0 i?*?? 1 ? rf C6 : 
TAGAAAA-3') and P24B (SEQ ID NO:193; , n ^^V > ^^ L ^ XhoL an ^ Ea f^ a f s - «" d 
5'-TTTTCTAAAAGGTGGTTTATAAAATCTATCTACA- 10 , 1156 «* rf dowmtt^ sequence was derived in the fol- 
TAATCTCTAAAAGGTTCTTTAGGTCCCTTCC lo *??? ™y sa ^.^ eacc ™ as B^ a ' 

TGAATGG-3') using primers H6PCR1 and P24PCR (SEQ atedby PCR amplification of « ccsnnd clone derived from 

ID N0194; 5'-GTACAATTAATrrGTACTTITCTAAAA- f^^^J^S^ ^t^Sl^f^^ 

GGTGGnTATAAAATC-3-). This 377 bp PCR-derived „ " Aj^ £EQ ID ^P^JL^^^ 0 ^^ 

fragment consists of the H6 promoter coupled to coding GCCGCCTATCAAAAGTCTTAATGAGTT -3') and 

S^L for the signal. te^l^L^ ftc fat I C6B1SG (SEQ B INM02; £ (^ATTC^AGCTG- 

airdiio adds cf the V3 loop. C AGCCC GGGTTTTTA TAGC TAATTAGT- 

_ mJ^L • i * . CATTTTTTCGTAAGTAAGT ATTTTTATTTAA -3*). The 

Far the cassette without the signal, the H6 promoter were , _ . ^_ ,,. .. ' 

derived by PCR from plasmid^pHoTZ (des^edTabove) M J f 2 J* ^™f"am»™ was generated by ^^hficatK,* 

• „ - ' UK nn>t «nnmNfvtm .rf na»A itsaA ofthc sarDC template using oligonucleotides C6C1SG (SEQ 

rTvE^ r^^i^^A ?A^rr^^Ar^T m NO:203; 5'- CCCGGGCTGCAGCTCGAGGAAT- 
ID NO: 195; y-QuTGU I riAXAj\AAXCT A XCT- ACAT- TrTTTTTATTr att a a pta r*xr a a at 

aa£ -tVa a££ ?JT5£ « GAGTATATATAAT TGAAAAAGTAA -3 ) and C6D1SG 

^^^t^J^^^^^J^JZ (SEQ ID NO:204; 5"- GATXiATGGTACCrTCATAAATA- 

^J^vX^r /„^3S« ^l^Fn m 23 CAACTnXSATTAAACTTAAGTTG -3"). These fragments 

5?;£?^?S5? /™^Sf^f^ ™ (SE ^ 115 were fused by a third PCR einployirig gel purified 04 and 

NO: 192) and P24B (SEQ ID NO:193) using primers rr* "~~„ ' .„ ~~ , .^.TTTTJrTT, *V^^ "^J^r 

n« ™JL ,„ ^;„„ fi, rtw. „7a kb fragmeot was isolated from an agarose gel. digested with 

H6 iwcmcterewmled to ceding sequences for the p24 M U gated to similarly digested pBS 

ep«^andtheiir»t6«n^^oftheV31«p (StratageneltTjolla. ^generating OS ins^on 

Coding sequences for the V31oop region were derived by mid pC6L. 

PCR anrplification of the Smal fragment from plasnrid _V ^««-,^ . I>ctl/Y , , 

pUXVGElfiEV (described above) using primers V3PCR1 ^J*? a g re ?^ M ^ ctt " ^L^S?,^ A Ps ? V ? ho ! 

(SEQ ID NO:196; digestion of pMNTlP24 and pMN24EV3TlNSA. isolated 

5 -AAACCACCTTTTAGAAAAGTACAAATTAA- 35 ag f n ^ * ds «■* 

TTGTAC-3') and V3PCR2 (SEQ ID NO: 197; <"g«ted PC6L creating plasmid s pC6P24FS and 

5*-CTGCTTACGGAACGGTtKnTTTGCTCTACT^ fCoT^m resj^dy, f ox recombination into the 06 

GTTACAATG-3*). The Tl epitope was joined to the coding '^^^Y*- ™? resuhm ? tfxawbimDts are designated 

region for die V3 loop by PCR ainplification of this 171 bp 40 vCP189 and vO>195. respectively. 

PCR-derived fragment and c^igonucieotides MNT1A (SEQ BamHI/XhoI fragments from pMNTlP24 and 

ID NO: 198; pMN24EV3TlNSA were ligated to similarly digested 

S'-CCACCGTTCCGTAAGCAGATAATAAAC- pSD550VC (defined in Example 33) creating pMP24FS and 

AnjTGGCAAGAAGTAGAAAAAGCrATGTArGCIT- pMP24FNS for recombinatioo into the 14 locus of NYVAC 

AA-3*) and MNT1B (SEQ ID NO:199; 45 gentrating vP1117 and vPlllO. respectively. 

y- TTAAG CArACATAGCri'l'riCTACi'l'CrrGCCAC- Expression of Tetanus Toxin Fragment C in Poxviruses 

ArGTTTATTAniTGCTrACGGAACXjGTXKV3^ as tern- Expressing HIV-1 Proteins. It has been proposed that the 

plate using primers V3PCR1 (SEQ ID NO: 196) and addition of various Th epitopes from homologous (Good et 

T1MNPCR (SEQ ID NO:200; at, 19S7) and heterologous proteins (Francis et at. 1987) 

y-TC AIXZAAA GCnTCTCGAGAAAAATIAAGCATAC- 50 may be capable of recruiting T-cell help fox specific B cell 

ATAGCi 111 iC-3% litis 239 bp PCR-derfved fragment responses to synthetic peptide vaccines. In an effort to elicit 

consists of the last codon of p24 epitope, the V3 loop, ant the enhanced immime responses to HIV-1 antigens, various 

Tl epitope followed 3' by an early transcription termination T-cell epitopes derived from HTV-1 have been incorporated 

signal (11 1 n NT) and Xhol and Hindm sites. iiito recombinant pcocviw this strategy. 

For the cassette with the signaL the promoter, signal and 55 tetanus toxin fragment C which contains other known 

p24 epitope coding sequences were joined to the coding human T-heLper cell epitopes (Ho et aL, 1990). will be 

region for the V3 loop/Tl epitope by PCR amplification of co-expressed with HIV-1 antigens in an ALVAC lecombi- 

the 377 bp and 239 bp PCR-derived iTagn^tsusmgpr^^ nant Tbe presence of these epitopes from tetanus toxin may 

H6PCR1 (SEQ ID NO: 157) and T1MNPCR (SEQ ID enhance the inunune response against HIV-1 by providing 

NO200). Following digestion of mis 581 bp PCR-derived 60 wmspecific T-cell help. 

fragment with HindUL a fragment of 563 bp was isolated Pstl/Smal digested pC6P24FS (described above) was 

from an agarose geL ligated to sunflaiiy digested pBS modified by ligating the Pstl/Smal fragment from plasnud 

(Stratagene, La Jolla. CaHf.) creating plasmid DMNT1P24. pVQ42KrH4.1 (described above) creating pC6P24FSVQ. 

The insert was verified by nucleotide sequence analysis. This plasmid was digested with Nrul within the H6 promoter 

For the cassette without the signaL the promoter and p24 65 and Xhol at the 3* end and ligated to a 1.4 kb fragment 

coding sequences were joined to the coding region for the isolated from similarly digested pHoTETC (described 

V3 looo/Tl epitope by PCR amplification of the 171 bp and above). The resulting pksmid, pOSVQIHTC. was 
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finned by restriction digestion and nucleotide sequence lated with the fully replication competent vPE16 infected 

analysis of the legions surrounding the cloning sites. F61- PBMC. B is not known whether this apparent enhancement 

lowing confirmation pC6VQfTETC was employed in recom- in CTL stimulation by NYVAC/gpl<50 and ALVAC/gpl60 

bination experiments with vCPl 12. vCP125 and vCP156. was due to differences in expression by the recombinants as 

5 compared to vPE16 or to the attenuation characteristics of 

EXAMPLE51 the NYVAC and ALVAC vectors. 

PERIPHERAL BLOOD MONONUCLEAR CELL Extensive flow cytometric analyses of the various stinni- 

STUDIES WITH NYVAC/HTV-1 AND ALVAC/ lated cultures was also performed in order to more thor- 

HTV-1 RECOMBINANTS oughly identify the effector cell phenotypc which was elic- 

. . ... , 10 ited. When compared to either unstimulated or control 

White broad issues concerning the mimunogemcily of vcctor sti^a,^ cultures, generation of anti-gpl60 

NYVAC/HTV-1 and ALVAC/HTV-1 constructs in man are cytolytic reactivities generally resulted in a decline in CD3* 

best addressed within the context of clinical trials a aumbcr /C r>t + subpopulatiocs and a compensatory rise in CD3 + / 

of relevant insights have already been gleaned by in vitro ^ ^ Signific!UJt increases i„ CDT7CD25". CDT/ 
cellular response assays. A central question regarding the 15 HLA-WT. CDffVSoTr. CD8*/CD38*. and CD3+/CDG9* 

use of these yacdne constructs in man is their capacity to were also noted. When the cytolytic activities of each 

impact on cellular anti-HIV-1 reactivities, especially cyto- alkaK were plotted against increases „ particular cell 

toxic T-lympbocytes (CTL) responses. Whether as a com- subpopull „j OIls . a ^ relationship was found between 

ponent of a preventative or a therapeutic vaccine strategy. ccUular anti-gpl60 reactivity and increases in the CD $7 
there are ample precedents suggesting a beneficial role for » S6F1 + population. This cellular phenotype broadly defines 

CTL ina number of vM infections in man (McMkfcad et ^ (Morinoto rt ^ 1987) . 

aL. 1983; Moss et aL. 1978; Borysiewicz et aL. 1988). _V . . . ... ... „ . „_, . 

Although the precise contribution of antt-HTV-1 CTL in . J*f*f ^ .^^t ^ .v ^t^'i 

preventing or Controlling viral infection remains to be i "^JJ!" ^JT™?^ ^JY AC 

elucidated! studies by Letvin and co-workers using me M ALVAC/HTV-1 vectors to elicit potent CTL activities 

STV/macaque animal model suggest that anti-SIV-1 CTL. ^P*""?* populations whid, are contained within the 

especially eae specific CTL, may represent a major deter FBMC pool of patients. Furthermore, these studies strongly 

min^cStagdisease progresslonO^ alS Kng! ^ P^tial clinical utility of these vectors in the 

1990) . This coupled with tiie^servations of numerous^ context of a*erapeuUc vaccine This could take the 
tavestigatorsmTaini-HIV^ 30 f 4 *!* mama^m**** : vectors or could 
dirertrT rom fresh peripheral blood mononuclear cells ^Wean exvrvoconrponeiit ctfe^ceUubrtargetng and 
(PBMC) in a relatively high proportion of asymptomatic ^"^V* a ^J^h. 8 * 

patients (reviewed in Walto and Rata. 1990; Au^TetaZ ^eadc^e transfer In other ca^ the «,rr^ne^ety of 

1991) . support the contention that dictation of anti-HIV-1 *f "on^licating vectors and their inherently strong cd- 
CTLreacti^shMudbeindudedasarnajorgoalrf 35 ^ "Tj^J^ ■ candidates for 
preventative and therapeutic vaccines. immune- merapy in mao. 

To test the capacity of NYVAC/HTV- 1 and ALVAOHIV- 1 Having thus described in detail preferred embodiments of 

constructs to irr^ the pj^irt im^e^ion, it is to be understood that the inven- 

experiments were conducted Solving a cohort of HIV-1 tion denned rjy Ae ar^xm^ciairBs is not to be limited to 

infected patients devoid of detectable direct anti-HIV-1 40 the particular details set forth m fee above description as 

gplfiO CTL reactivities. PBMCs were obtained tern these W™* ^variations thereof are possible without 

patients and a portion of me PBMC were Mccte4wim other dc P artu « ™m me spirit or scope of me present mvennoiL 

the fully repticatic4*<xm«petent vaccinia/gp 160 construct pi7ra»rarn7« 

vPE16 (Walker et aL, 1987). or the replication-attetmated KtsriflUiWJia 

NYVAC/gpl60 or ALVAC/gpl60 constructs. The acutely 45 1. Autran. B.. Plata, F. and Debre, P., X AIDS, 4. 361-367 

infected FBMC were washed and used as stimulators for the ( 1991) 

remaining FBMC in a 10-day in vitro stimulation protocol. 2. Behbehani A. M., Microbiological Reviews 47, 455-509 

Controls included both unstimulated and control vector (Le. (1983). 

parental poxvirus minus HIV-1 genes) stimulated cultures. 3. Berthokt G. Driniea. R. and Wittek. R.. Proc. NatL 

Following the 10-day incubation in the absence of exog- so Acad. ScL 82. 2096-2100 (1985). 

enous IL-2. cells were washed and evaluated for CTL 4. Borysiewicz, L. Graham, S*, Hictiing. J.. Mason, P. D., 

activities against autologous B-lymphocyte cell lines andSissons. J.P.G.,Eur. J. Immunol. 18,269-275(1988) 

(BLCL) infected with either a control vaccinia vims, vSC8, 5. Chakrabarti, S.. Robm-Guroff. M., Wong-StaaL R, Gallo, 

or the vaccinia/gpl60 vFE16 construct. Additionally, phe- R. C and Moss, B.. Nature 320, 535-537 (1986). 

notypic depletion of CB8+ cells was performed in parallel 55 6. Gandolo, G. J.. Copdand T. D., Oroszlan S.. and 

using magnetic microsphere sorting. The results of these Snyderman, IL, Science 230. 453-456 (1985). 

studies shown in FIG. 11 revealed mat whereas unstimulated 7. OewelL D. B-. and HelinskL D. R.. Proc. Natl. Acad. ScL 

or control vector-stimulated cultures had no detectable CTL USA 62, 1159-1166 (1969). 

activity against HIV-1 g>160 targeted BLCL. cultures stimu- 8. OewelL D. B„ J. Bacteriol 110. 667-676 (1972). 

lated with any of the HIV-1 gpl60 constructs had a high 60 9. Colinas, R. J.. CondiL R. C and PaolettL E.. Virus 

level of anti-gpl60 cytolytic activity, all of which was Research 18. 49-70 (1990). 
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SBQJUHNCB LI5IINO 

( 1 ) GENERAL INTOKMAIION: 

(Hi ) NUMBER C* SEQUENCES; 205 



( 2 ) INFORMATION FOR SEQ ID NOrl: 

( i )SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 bam pain 
( B )TYPB;a»ckicaad 
( C > SIKANDEDNBSS: cbigfe 
( D ) TOPOLOGY: faw 

< s i ) SEQUENCE DESCRIPTION: SEQ ID NO-.1: 

TAATTAACTA OCTACCCOOO 20 



( 2 )0MP0RMAIlONPORSEQIDNOa: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 2$ biaapaJre 
( B ) TYPEs mdnc add 
( C > STRANDGDNBSSc siagk 
( D ) TOPOLOGY: Eaear 

( x i ) SEQUENCE EESOttPnON: SEQ [DN03: 



AATTCCCOOG TAOCTAOTTA ATTACATO 
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-continued 



( 2 ) INFORMATION FOR SBQ ID N03: 



( i ) SEQUENCE CHARACTERISTtCS: 

< A ) LENGTH: 73 base pan 

< B ) TYPE: mdac mad 

( C ) STRANDEDNESS: aingie 
(D ) TOPOLOGY: fin 



< x i ) SEQUENCE DESCRIPTION: SEQ ID N03: 



AOCTTCCCGO OTAAGTAATA COTCAAOOAO AAAACOAAAC OATCTOTAOT TAOCOOCCOC 60 
CTAATTAACT A AT 73 



( 2 ) INFORMATION FOR SBQ ID NO* 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 69 boo pain 
( B ) TYPE: oockac acid 

< C ) STRANDEDNESS: nagfe 
( D ) TOPOLOGY: Haear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO* 

ATTAGTTAAT TAOOCOOCCO CTAACTACAG ATCOTTTCOT TTTCTCCTTG ACOTATTACT 60 

TACCCOOOA 69 



( 2 ) INFORMATION FOR SBQ ID N05: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 ban pain 
( B ) TYPE: BDckac ad! 
( C ) STRANDEDNESS: single 
(D ) TOPOLOGY: bear 

( x i > SEQUENCE DESCRIPTION: SEQ ID NCh5: 

TTAGTTAATT AOOCOOCCOC 20 



( 2 ) INFORMATION FOR SBQ ID NO*: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 base pain 
( B ) TYPE: aockic acid 
( C ) STRANDEDNESS: nagfe 
< D ) TOPOLOGY: finear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO* 

COATTACTAT OAAOOATCCO TT 32 



( 2 ) INFORMATION FOR SEQ ID NO*?: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 baa* pan 
( B ) TYPE: aickic arid 
( C ) STRANDEDNESS: tag* 
( D ) TOPOLOGY: fiaear 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NOrf: 

AACOGATCCT TCATAOTAAT 20 



< 2 ) INFORMATION FOR SBQ ID NOA 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 41 base pain 
( B ) TYPE: aDdck acid 
( C > STRANDEDNESS: UMjle 
( D ) TOPOLOGY: linear 

( x t ) SBQLJENCE DESCRIPTION: SBQ ID NOA 



COATTACTAO ATCTOAOCTC CCCOOOCTCO AOOOATCCOT T 
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( 2 ) INFORMATION FOR SBQ ID NOft 

( i )SECUEra CHARACTERISTICS: 
( A ) LENGTH: 39 baae pain 
( B )TYP£: aockk add 
( C ) STRANDEDNBSS: nagle 
( D ) TOPOLOGY: linear 

(xi ) SEQUENCE DESCRIPTION: SBQ ID NOft 

AACOOATCCC TCOAOCCCOO OOAOCTCAOA TCTAOTAAT 39 



< 2 ) INFORMATION FOR SBQ ID NO: 10: 

( i ) SBQUBNCE CHARACTERISTICS: 
( A )LBNOIH: l6bMBpe» 
( B )TYPE: ancldc acid 
( C ) STRANDEDNBSS: wgb 
f D)TC*OLOGY:fii*ar 

< I i ) SEQUENCE DESCRIPTION: SBQ ID NCfcHfc 

OATCCOAATT CTAOCT 16 



( 2 ) INFORMATION FOR SEQID NO:ll: 

f i ) SEQUENCE CHARACTERISTICS: 
(A ) LENGTH: 12 tropin 
( D ) TYPE: antfeic acid 
( C ) STRANDBDNESS: ssgje 
( D ) TOPOLOGY: fiacar 

( x i ) SEQUENCE DES CR I P TION; SBQ ID NOcll: 

AOCTAGAATT CO 1 2 



( 2 ) INFORMATION FOR SBQ ID NOrtt: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 75 taw pm 
( B ) TYPE: oackic add 
( C ) STRANDEDNBSS: angle 
( D ) TOPOLOGY: fiacar 

(i i ) SEQUENCE DESCRIPTION: SBQ ID NO: £2: . 

TATOAOTAAC TTAACTCTTT TOTTAATT A A AAGTATATTC AAAAAATAAO TTATATAAAT . 60 

AOATCTGAAT TCOTT 7 3 



< 2 ) INFORMATION FOR SBQ Q> NOtl3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH 73 law pan 
( B ) TYPE: aaddcadd 

( C ) STRANDEDNBSS: dagk c 
( D ) TOPOLOGY: fines' 

(xi ) SBQUENCE DESCRIPTION: SBQ E> NCfcD: 

AACOAATTCA OATCTATTTA TATAACTTAT TTTTTOAATA TACTTTTAAT TAACAAAAGA 60 

OTTAAOTTAC TCA 71 



( 2 ) INFORMATION FOR SBQ ID NOtl* 

( i ) SEQUENCE CHARACTEOSTJCS: 
( A >LENOD3:49t)aa»paas 
( B ) TYPE: aocfck add 
( C ) STRANDEDNBSS: tagfe 
( D ) TOPOLOGY: fiacar 



< i i ) SBQUENCE DESCRIPTION: SBQ ID NOeU: 



87 
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AAAATOOOCO TOOATTOTTA ACTTTATATA ACTTATTTTT TOAATATAC 49 

< 2 ) INFORMATION FOR SBQ CD NCM5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 67 bast pin 
( B )TYPE: aackacacid 
( C ) STRANDCDNESS: 
(D)TX*»OLOOY:Eaear 

( z i ) SBQUENCE DESCRIPTION: SBQ ID NO:l5: 

ACACOAATOA TTTTCTAAAG TATTTOOAAA OTTTTATAOO TAOTTOATAO AACAAAATAC 60 

AT A ATT T 67 

( 2 ) [NFORMATION FOR SBQ ID NOtlfi: 

( i ) SBQUENCE CBARACTERlSTiCS: 
( A ) LENGTH: 51 ba*e pnra 
( B )TYPE: onckicarid 
(C ) STRANDEDNESS: 
( D ) TOPOLOOY: fiaur 

( X i ) SEQUENCE DESCRIPTION: SBQ n> NO: 16: 
TCTATCAACT ACCTATAAAA CTTTCCAAAT ACTTTAOAAA ATCATTCOTO T 5 1 

( 2 ) INFORMATION FOR SBQ LD NC*17: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 46 hmtc pn 
(B ) TYPE: mcfek aod 
( C ) STRANDEDNESS: 
( D )TOP0Li0OT:fianr 

(ii ) SBQUENCE DESCRIPTION: SBQ E> NO:17: 

TOTAAAAATA AATCACTTTT TATACTAAOA TCTCCCOOOC TOCAOC 46 

( 2 )INraMATtONfVftSBQEDNO:U: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 66 bmt pn 
( B )TTPB: wdric aod 
( C ) STRANDEDNESS: naa}» 

< D)TOPOLOOY:liaBar 

( « i ) SEQUENCE DESCRIPTION: SBQ ID NOtIA: 
OOCCOCTOCA OCCCOOOAOA TCTTAOTATA AAAAOTOATT TATTTTTACA AAATTATOTA 60 
TT T TOT 66 

( 2 ) INFORMATION FOR SBQ ID NO: 19: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENOTH: SOfaatepaks 
( B ) TYPE: andaki add 
( C ) STRANDEDNESS: tag)* 
( D ) TOPOLOGY! fiacar 

(ti ) SBQUENCE DESCRIPTION: SBQ ID NO: 19: 

TTTCTOTATA TTTOCACCAA TTTAOATCTT ACTCAAAATA TOTAACAATA 30 

< 2 ) INFORMATION FOR SBQ ID NOdD: 

< i ) SBQUENCE CHARACTERISTICS: 

< A ) LENOTH: 44 hase pan 

< B ) TYPE: aockac acid 

( C ) STRANDEDNESS: nogfe 

< D )TOPOLOOT: fiacar 
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( x i ) SBQUENCE DESCRIPTION: SBQ ID NO30: 
TOTCATTTAA CACTATACTC ATATTAATAA AAATAATATT TATT 44 

( 2 >INP0ftMATK»aP0RS8Qn>NCh21: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 72 baac pan 
( B ) TYPE; anckk Mad 
( C ) STRANDEDNESS: xmgtc 
(D)TOFOUX>T:fiK» 

( x i ) SEQUENCE DESCRIPTION: SBQ ID N021: 

GATCCTGAOT ACTTTOTAAT ATAATOATAT ATATTTTCAC TTTATCTCAT TTOAOAATAA 60 

AAAGATCTTA OO 72 

( 2 ) INFORMATION FOR SBQ ID ND22: 

( t ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 72 faaae (ni 
( B ) TYPE: anckfc acid 
( C > STRANDEDNESS: riagk 
(D )TOPOLOOY:k**r 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO-.22: 

AATTCCTAAG ATCTTTTTAT TCTCAAATGA OATAAAOTOA AAATATATAT CATTATATTA 60 

CAAAOTACTC AO 7 2 

( 2 ) INFORMATION FOR SBQ ID N023: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 72 baje pao 
( B ) TYPE: aockac acid 
( C ) STRANDEDNESS: tngfc 
( D >TOPOLOGY: fiwv 

(li) SBQUENCE DESCRIPTION: SBQ ID NOB: 

OATCCAOATC TCCCOOGAAA AAAATTATTT AACTTTTCAT TAATAOOOAT TTOACOTATO 60 

T AOCOT ACT A OO 7 2 

( 2 ) INFORMATION FOR SBQ ID NO^i: 

{ i )SB3UENCB CHARACTERISTICS: 
( A ) LENGTH: 72 haaepaaa 
( B ) TYPE: ODdoc acid 
( C ) STRANDEDNESS,- tmajct 
< D ) TOPOLOGY: Eaear 

( x i ) SBQUENCE DESCRIPTION: SBQ ID N034: 

A ATT CCTAOT ACOCATCATA COTCAAATCC CTATTAATOA AAAOTTAAAT AATTTTTTTC 60 

CCOOOAOATC TO 7 2 

( 2 ) INPDRMATION FOR SBQ IDND25: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 haae pan 
( B ) TYPE: andac acid 
( C ) STRANDEDNESS: na^e 
( D ) TOPOLOGY: hatm 

( z i ) SBQUENCE DESCRIPTION: SBQ ID NO-.25: 

ATOOTAOAAA TTAATTGTAC 20 



( 2 ) INFORMATION FOR SBQ ID N026: 
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( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 42 base pain 
( B ) TYPE: mdac arid 
( C ) STRANDEDNESS: nage 
( D ) TOPOLOGY: &near 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOS6: 

ATCATCOAAT TCAAOCTTAT TATTTTOCTC TACTAATOTT AC 42 



( 2 ) INFORMATION FOR SEQ ID NCh27: 

( i )SEO£FENCE CHARACTERISTICS: 
( A ) LENGTH: 60 bate pni 
( B ) TYPE: anrlrir arWl 
( C ) STRANDEDNESS: aaofe 
( D ) TOPOLOGY: firar 

( x i ) SEQUENCE DB9CWPII0N:SBQ ID N037: 

ATOAATOTOA CAGAAAATTT TAACATGTGG AAAAATGTAG AAATTAATTG TACAAOACCC 60 



( 2 ) INFORMATION FOR SEQ ID NCfc2& 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 60 baac pan 
( B ) TYPE: andric arid 
( C ) STRANDEDNESS: nado 
( D ) TOPOLOOY: fiocar 

(li) SEQUENCE DESCRIPTION: SEQ ID N028: 

OOOTCTTOTA CAATTAATTT CTACATTTTT CCACATGTTA AAATTTTCTG TCACATTCAT 60 



( 2 ) INFORMATION FOR SEQ ID ND29: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 24 baaopaia 
< B ) TYIV:iBJCktc«dd 
( C ) STRANDEDNESS: uarie 
( D ) TOPOLOGY: fine* 

( z i ) SEQUENCE DESCRIPTION: SEQ ID N029: 

AOTAATOTOA CAGAAAATTT TAAC 2 4 



( 2 ) INFORMATION FOR SBQTDNO30: 

( i ) SBOJCJENCE CHARACTERISTICS: 

< A ) LENGTH: 31 base pan 
( B ) TYPE; oneiric arid 

< C ) STRANDEDNESS: riatfe 
( D ) TOPOLOGY: fiaear 

(li ) SEQUENCE DBSCRIPTION: SEQ ID NO30: 

AGOCAAGCTT TCAAAAAAAT ATAAATOATT C 6 3 > 



( 2 ) INFORMATION FOR SEQ TD N031: 

( i ) SEQUENCE CHARAlL ' iiucBf laCSi 

< A ) LENGTH: 24 base pan 

< B ) TYPE: nadric arid 

< C ) STRANDEDNESS: cask 

< D ) TOPOLOGY: fiacar 



( x i )SBQUEh*3 DESCRIPTION: SEQ ID ND31: 
TTTATATTOT AATTATATAT TTTC 



( 2 ) INPORMATK3N FOR SEQ ID N0O2: 



( i ) SEQUENCE CHARACTERISTICS: 
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( A ) LENGTH: 37 ban pan 
( B ) TYPE: mefcic acid 
( C ) STRANDEDNESS: nugk 
( D ) TOPOLOGY: fioear 

( x t ) SEQUENCE DB&UUPIlUN: SSQIDN052: 

GTTTTAATTO TOOAOOOOAA TTCTTCTACT OTAATTC 



( 2 )tNTORMAT10NPORSBQlDNO-33: 

( i ) SBQUEhSCE CHARACTERISTICS: 
( A ) LENGTH: 37 have pdn 
( B ) TYPE: anefcic acid 
( C ) STRANDEDNESS: nagk 
( D ) TOPOLOGY: fiaear 

( % i ) SEQUENCE DESCRIPTION: SEQ Q> NOdO: 

ATCATCTCTA OAATAAAAAT TATAOCAAAA TCCTTTC 37 



( 2 ) INFORMATION FOR SEQ ID ND34: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: IB base pain 
( B ) TYPE: BDckic acid 
( C ) STRANDEDNESS: ungk 
( D ) TOFOLOOY: finor 

< x i ) SEQUENCE DESCRIPTION: SEQ ID ND34: 

TOCTACTCCT AATOOTTC 18 



( 2 ) INFORMATION FOR SEQ IDN035: 

{ i ) SEQUENCE CHARA C l fc K iS UC S : 
(A > LENGTH: 21 bate pain 
( B >TYPE: aackic and 
( C > STRANDEDNESS: nagle 
( D ) TOPOLOGY: Kacar 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N033: 

CATATOCTTT AOCATCTOAT O 2t 



( 2 >INK)RMATION P0RSEQIDNCO6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 baac pan 
( B ) TYPE: aackic add 
( C ) STRANDEDNESS: cxagW 
( D ) TOPOLOOT: fioear 

( I i ) SEQUENCE DESCRIPTION: SEQ ID ND36: 

ATOAAAOAOC AOAAGACAOT O 2 t 



( 2 ) INFORMATION FOR SEQ ID N037: 

( i ) SEQUENCE CHARACTERISTICS: 
(A ) LENGTH: 29 baw pan 
( B )TYPE: nxanc add 
( C ) STRANDEDNESS: ■k«k 
(D ) TOPOLOGY: fiaaar 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOS7: 

ATCATCOOTA CCOATTCTTT ATTCTATAC 29 



( 2 ) INFORMATION FOR SEQ ID ND38: 



< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 19 base pain 
( B ) TYPE: auckac add 
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<C)S 
( D )T0FOtj0OY:firar 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOJ8: 

TACOATACAA ACTTAACOO 



( 2 ) INFORMATION FOR ID NCKJ9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 37 baso paka 
( B )TYFE: anckacaod 
( C ) STRANDEDNBSS: naoje 
(D)TC*K&jC*3Y:fiaear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOS9: 

OAATTACAOT AOAAOAATTC CCCTCCACAA TTAAAAC 



( 2 ) INFORMATION FOR SBQ ID NCMO: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 19 base pun 
( B )TYPE: index acid 
( C > STRANDEDNESS: mgk 
( D )T0POLOOT:fiae« 

(si) SEQUENCE DESCRIPTION: SBQ ID HCh$k 



( 2 ) INFORMATION FOR SBQ ID NO*l: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 h—c pain 
( B > TYPE: nxkac and 
( C > STRANDEDNBSS: cmgle 
( D ) TOPOLOGY: Eaear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO*l: 

GTATTATATC AAGTTTATAT AATAATGCAT AT T C 



( 2 ) INFORMATION FOR SEQ ID NO*2: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: IS baaa pain 
( B )TYPB: ■ockacactd 
( C > STRANDEDNBSS: stssje 
( D ) TOFOLOOT: lxoear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO?C: 

GTTGATOATC TOT AGTGC IB 



( 2 ) INFORMATION FOR SEQ ID NCM3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH? 5t baae pan 
( B ) TYPE: socaac add 
( C > STRANDEDNBSS: smgfe 
.( D ) TOPOLOGY: fioear 

( x I ) SEQUENCE DESCRIPTION: SEQ ID NOo43: 

ATCATCTCTA GAATAAAAAT TATOOTTCAA TT T TT ACT AC TTTTATATTA TATATTTC 38 



( 2 ) INFORMATION FOR SBQ ID NO**: 

( t ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 23 bate pain 
( B ) TYPE: aoclaic acid 
( C ) STRANDEDNBSS: smgfe 
( D )TOtX3L0OY:fincjr 
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(li ) SEQUENCE DESCRIPTION: SBQ ID NCb44: 
CAATAATCTT TAAOCAAATC CTC 



( 2 )INP0«MArKNF0RSBQn>NO545: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 77 base pass 
( B ) TYPE: aockac acid 
( C ) STRANDEDNESS: ag)e 
< D )TC4X)LOOY: fiaear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO*5: 

AOAOOOOAAT TCTTCTACTO CAATACA 27 



( 2 ) INFORMATION FOR SBQ ID N046: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 maao ackb 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: ttacar 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO>«6: 

Leo Ota Ala Arg Val Leo Ala Val 0 1 it Arg Tyt Leo At | Asp Ola Ola 
1 S 10 15 



( 2 ) INFORMATION FOR SBQ ID NO*?: 

( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 oaw pain 
( B >TYPE: aockscacid 
( C ) STRANDEDNESS: amgfe 
( D ) TOPOLOGY: (hear 

( z i ) SEQUENCE DESCRIPTION: SBQ ID NO*7: 

TTOOAAAOOC TTTTOOCATO CCACOCOTC 2 9 



( 2 ) INFORMATION FOR SBQ ID NCh48: 

< i )SapENCB<nARACIBa5TJCS: 
( A ) LENGTH: 41 bate pan 

< B ) TYPE: anckac arid 

< C > STRANDEDNESS: nagfe 
( D ) TOPOLOGY: fiatar 

( x i ) SBDJUENCE DESCRIPTION: SEQ ID NCb4S: 

ACAOTCTOOO OCATCAAOCA OCTAOOOATT TOOOOTTOCT CT 42 



( 2 ) INFORMATION PGR SBQ ID NO** 

{ i )SajUENCBCHARACrEJaSTtCS: 
( A ) LENGTH: 40 ban pan 
( B ) TYPE: metric arid 
(C ) STRANDEDNESS: nagat 
( D ) TOPOLOGY: fiaear 

( x i ) SEQUENCE DESCRHTIOI* SBQ ID NCb4fc 

CCOTTAAOTT TGTATCOTAA TOAAAOTOAA OOOOACCAOO 40 



( 2 )INKBU4ATICNrasEQlDNOdQ: 

( a ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 54 faw pan 
( B ) TYPE: aoclric arid 

( C ) STRANDEDNESS: eagle 
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( D ) TOPOLOGY: fiaear 
<x t ) SEQUENCE DESCRIFTK^ SEQ ID NO30: 
ATOAOTOOTA AAATTCAOCT OCTTOTTOCC TTTCTOCTAA CTAGTOCTTO CTTA 54 



( 2 ) INFORMATION FOR SBQ ID NOS1: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 54 bate pan 
( B )TYPE: aodbc acid 
( C ) STRANDEDNBSS: sonde 
( D ) TOPOLOGY: fine* 

( x i ) SEQUENCE DESCRIPTION: S8Q ID N031: 

TAAOCAAOCA CTAOTTAOCA OAAAOOCAAC AAOCAOCTOA ATTTTACCAC T C AT 54 



( 2 ) INFORMATION FOR SEQ ID N052: 

< i ) SEQUENCE CHARACTERISTICS: 
(A ) LENGTH: 29 baao pan 
( B ) TYPE: mckic acid 
( C ) STRANDEDNBSS: ngje 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOS2: 

ATCATCAAGC TTGATTCTTT ATTCTATAC 29 



( 2 )INJ*0RMATJONFORSH}[DNChS3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 39 Wo (Ml 
( B ) TYPE: ODdck acid 
( C >STJb\NDEDNE5S:i>«Bi* 
( D ) TOPOLOGY: fiaear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NCfcSJ: 

CAOCTOAATT TTACCACTCA TTACOATACA AACTTAACO 39 



( 2 ) INFORMATION FOR SEQ ID NOc54: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 18ba»cpan 
( B ) TYPE: aadeic acid 
( C ) STRANDEDNBSS: sack 
( D ) TOPOLOGY: Bnear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NCfc54: 

TAAOCAAOCA CTAOTTAO I • 



( 2 ) INFORMATION FOR SBQ Q> NOs55: 

( i ) SEQUENCE CHARACTBRISTJCS: 
( A ) LENGTH: ntnepan 
( B ) TYPE: aadeic arid 
( C ) STRANDEDNBSS: tmgk 
( D )TOPOUXIY:EaBar 

( x i) SEQUENCE DESCRIPTION: SBQID NOtS5: 

CCOCCTCTTO ACCAGAC 1 7 



( 2 ) INFORMATION SBQ ID N056: 

( i ) SfiQUENCE CHARACTERISTICS: 
( A ) LENGTH: 39 beat pan 
( B ) TYPE: aocfcic add 
( C ) STRANDEDNBSS: angle 
( D )TOPOLOOY: fiaear 
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(ii) SEQUENCE DESCRIPTION: SEQ ID NOS6: 
AT CAT C TC T A GAATAAAAAT TACAOOAOOO CAATTTCTG 39 



( 2 ) INFORMATION FOR SEQ ID NOJ7: 

( i )SBQCENCI CHARACTERISTICS: 
( A ) UENOTH: 40 base pair* 
( B )TYPE: mxiac mad 
( C ) STRANDEDNESS: nagk 
( O ) TOPOLOGY: tiacar 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NCn57: 

ATCATCTCTA OAATAAAAAT TATCTCTTAT OTCTCCCTOO 40 



( 2 ) INFORMATION FOR SEQ ID N03S: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 18 hue pan 
( B ) TYPE: mdric acid 
( C ) STRANDEDNESS: cagk 
( D ) TOPOLOGY: Jam 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOS*: 

AATTAACTTT ACAOCACC 



( 2 ) INFORMATION FOR SEQ ID NO-J* 



( L ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 ban pans 
( B ) TYPE: auckic acid 
( C ) STRANDEDNESS: smgk 
( D ) TOPOLOGY: fiacar 



( x i ) SBQUENCE DESCRIPTION: SEQ ID NQ59: 
COATATCCOT TAAOTTTOTA TCGTAATGGG ATGTCTTOGG AATC 



( 2 ) INFORMATION FOR S8Q D> NOtfCh 

< i ) SBQUENCE CHAJLAC1T3RIST1CS: 

< A ) LENGTH: 20 taae pain 

< B )TYPE: mdcacacad 

( C ) STRANDGDNESS: nujfe 

< D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SBQIDNOsKh 
CAAGGCTTTA TTOAOOTCTC 



< 2 ) INFORMATION FOR SEQ ID NO*l: 

( i ) SBQUENCE CHARACTERISTICS: 
( A > LENGTH: 18 kmc pas* 
< B )TYPE:i 
(C)S 
( D >TOPOLOGT: fiacar 

( x i ) SEQUENCE DESCRIPTION: SBQID NO£l: 

CCTOOCCTTO OCAOATAO 



( 2 ) INFORMATION FOR SEQ ID NO£2: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5» baae pao 
( B ) TYPE: aodeic icai 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: fiacar 



( x i ) SBQUENCE DESCRIPTION: SEQ ID NO£2: 
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ATCATCOAAT TCAAAAATAT TACAAAOAOC OTOAOCTCAA OTCCTTOCCT AATCCTCC 5» 



( 2 ) INFORMATION FOR SEQ ID NO:63: 

< i > SBQOENCE CHARACTERISTICS: 
< A ) LENGTH; 27 bate pens 
( B )TYPE: oockoc acid 
( C ) STRANDEDNESS: mgte 
( D ) TOPOLOGY: fix* 

( x i ) SEQUENCE DESCRIPTION: SEQ U> 

CCCCCCAAOC TTTTTTATTC TATACTT 27 



( 2 > INFORMATION FOR SEQ ID NOj64: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 base pan 
( B ) TYPE: mckac mad 
t C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: Era 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO*4: 



( 2 ) INFORMATION FOR SEQ ID NO*}: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 ban pws 
( B )TYPE; rodoc and 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY; linear 

( x a ) SEQUENCE DESCRIPTION: SEQ ID NOtfS: 

CAOTTOOTAC C AC TOOT AT T TTATTTCAO 



( 2 > INFORMATION FOR SEQ ID NO£6: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 61 bate pak» 
( B ) TYPE: noefcic arid 
( C ) STRANDEDNESS: siagle 
( D ) TOPOLOGY: fines 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO£6: 

TATCTOAATT CCTOCAOCCC OGOTTTTTAT AOCTAATTAO TCAAATOTGA OTTAATATTA 60 



( 2 ) INFORMATION FOR SEQ ID NO£7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOTH: 66 ban pak* 
( B )TYPB:oDckicacHl 
( C ) STRANDEDNESS: cagfe 
( D ) TOPOLOGY: Incar 

< x i )SBQUEirar«SCRIPT10N:SEQIDNO#7: 

TCOCT OA ATT COAT AT C A AO CTTATCOATT TTT ATOACT A OTTAATCAAA TAAAAAOCAT 60 



( 2 )IhIFC«MATlONP0RSBQIDNO36B: 

( i ) SEQUENCE CHARACTEiaSTfCS: 
( A ) LENOTH: 30 bt» pan 
(B ) TYPE: nodck acid 
( C ) STRANDEDNESS: sxagfe 
(D)TOFOLOOY: linear 
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< x i ) SEQUENCE DESCRIPTION: SBQID NOj6*: 

TTATCOAOCT CTOT AACATC AOTATCTAAC 30 

( 2 >INPORMAIIONPO«SBQIDM>«: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 70 bate pan 
( B ) TYPE: auckic add 
( C ) STRANDEDNESS: nagle 
( D ) TOPOLOGY: fimr 

( x i )SfiQUENCB DESCRIPTION: SBQ ID NO** 

TCOAOTOAOA TAAAOTOAAA ATATATATCA TTATATTACA AOTACAATTA TTTAOOTTTA 60 

ATCATOOOCO 70 

( 2 ) INFORMATION FOR SBQ ID NO:70: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 65 tasepaas 
( B ) TYPE: ancleic add 
( C ) STRANDEDNESS: tingle 
(D ) TOPOLOGY: fiaear 

( i i ) SEQUENCE DESCRIPnON: SBQ ID NttTD: 

CCCATOATTA AACCTAAATA ATTOTACTTT OTAATATAAT OCTATATATT TTCACTTTAT 60 

CTCAC 65 

( 2 )NF0RMATK)NFORS&QKDNOtt: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 baM pain 
( B ) TYPE: flockic add 
( C ) STRANDBDNESS: da0e 
( D ) TOPOLOGY: finear 

< x i ) SEQUENCE DESCRIPTION: SBQID NO*71: 

AATCAOAOAO CAOOCT 16 

( 2 ) INFORMATION POR SBQ ID MOtfZ: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pan 
( B )TVraauchaBadd 
( C ) STRANDEDNBSS: mgle 
( D)TOPOLOOY: fiaear 

( a, i ) SEQUENCE DESCRIPTION: SBQ ID HOfTlz 

TTOOATCCCT ATOCCACCTC TCT 23 

< 2 ) INFORMATION POR SBQ ID NOt73: 

( ■ > SBQUENCB CHARACTERISTICS: 

< A ) LENGTH: 56 baw pan 

< B )TTPB: mrtrin aral 

( C ) STJtANUiDNBSS: daftfe 
( D )TOPOLOOT: fiaear 

( i i ) SBQUENCB DESCRIPTION: SBQ ID NO*73: 

AOACCAACAO CACCATCTAO COOCAOAOOA OOAAATTACT AATTTTTATT CTAOAO 56 

( 2 > INFORMATION POR SBQ ID NO:74: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5S baw pan 
( B )7¥VE: aacksc add 
(C)S 
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( D )TOPOLOOY: Bnear 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NOT*: 
OATCCTCTAO AATAAAAATT AOTAATTTCC TCCTCTOCCO CTAOATOOTO CTOTTOOT 58 



( 2 ) INFORMATION FOR SEQ ID NO:75: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 79 bate pan 
( B ) TYPE: ouckic acid 
( C ) STRANDEDNESS: sjagjb 
( D ) TOPOLOGY: fines 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:73: 

TAOACAAAAT TOAAAATATA TAATTACAAT ATAAAATOCC AOTACAACAA ATAOOTOGTA 

ACTATOTCCA CCTOCCATT 



( 2 ) INFORMATION FOR SEQ ID NCOS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 80 has© pass 
< B ) TYPE: cockic arid 
( C ) STRANDEDNESS: «s> 
( D ) TOPOLOGY: fmcar 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.76: 

OCTTAATOOC AOOTOOACAT AOTTACCACC TATTTOTTOT ACTOOCATTT TATATTOTAA 60 

TTATATATTT TCAATTTTOT 80 



( 2 ) INFORMATION FOR SEQ IDNO:77: • 

( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: ttfaaappan 
( B )TYPE: oodacadd 
( C > STRANDEDNESS: oatf* 
( D ) TOPOLOGY: fincar 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:77: 

TOOATOTACA OACAAC 



( 2 ) INFORMATION FOR SEQ ID NOiTi: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 33 dace pain 
( B )TYPE: aodekarid 
( C ) STRANDEDNESS: ngfe 
< D )TOPOjUOOY:botaT 

< x i ) SEQUENCE DESCRIPTION: SEQ ID NOcTJ: 

AAOOATCCOA ATTCTTACAT TAATCTAOCC TTC 33 



< 2 ) INFORMATION FOR SEQ n>NOr79: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 marno acafr 
( B ) TYPE: amino »=id 
( C ) STRANDEDNESS: saxfe 
< D ) TOPOLOGY: haear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NC*79: 

C y i At* Thi A r b L y » Ac* tie At| lie Ola A r g Oly Fro Oly A r g Ala 

1 5 10 15 

Pbe Va 1 Tbi Oly Lyi 

20 
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( 2 ) INFORMATION FOR SEQ ID NOSO: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) IJENOra20«xnaoaadi 
( B ) TYPE: mmaamai 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Bacar 

{ x i ) SEQUENCE DESCRIPTION: SEQ ID NDSO: 

Cjt An Lys Ai 8 Lyi Arg II* Bit lie Oly Pro Oly Aig Ala Pbe Tyr 
1 5 10 t 5 

Th i Th i Ly i Asa 

2 0 



( 2 ) INFORMATION FOR SEQ ID NO&l: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 ■ntDO acids 
( B ) TYPE: snsaoadd 
( C ) STRANDEDNESS: single 
< D ) TOPOLOGY: fiaesr 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOAl: 

C y * Asa Tbr Aig Lys 5 e r Me Tyr lie Oly Pro Oly At g Ala Pbe His 
1 5 10 13 

Thr Tbr G 1 y Aig 

2 0 
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( 2 ) INFORMATION FDR SEQ ID NOA2: 

( I ) SEQUENCE CHARACTERISTICS: 

< A > LENGTH: 20 base paks 
( B ) TYPE: awfck and 

( C ) STRANDEDNESS: tm$c 

< D ) TOPOLOOT: Eacar 

( x i ) SEQUENCE DESCRIPTION: SEQ E> NOdl: 
OOOTTATTAA TOATCTOTAO 20 



( 2 ) INFORMATION FOR SEQ ID ND33: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 baas pan 
(B > TYPE: mckic Kid 
( C ) STRANDEDNESS: nagle 
( D ) TOPOLOGY: finear 

(si) SEQUENCE DESCRIPTION: SEQ ID NOA): 

ATCATCOAOC TCTOTTCCTT OOOTTCTTAO 



( 2 ) INFORMATION FOR SEQ ID NO£4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 43 bate pass 
{ B ) TYPE: aucaac acid 
< C ) STRANDEDNESS: n^e 
( D ) TOPOLOGY: fiaear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO**: 

ATCATCTCTA OA AT AAA AA T TATAOCAAAO CCCTTTCCAA OCC 43 



( 2 ) INFORMATION FOR SEQ ID NO£5: 

( i )Sa3*JENCB CHARACTERISTICS: 
( A > LENGTH: 24 base pan 
( B )TYPE: mckk acid 
< C ) STRANDEDNESS: ta*k 
( D >TC4>OL0OY:finear 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NC*£S: 
ATCATCGAOC TCCTATCOCT OCTC 24 



( 2 ) INFORMATION FOR SEQ ID NO*6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 haw pan 
( B >TYPB:mckacacxl 
( C ) STRANDEDNESS: tagfe 
( D ) TOPOLOGY: fines 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO£6: 

AOCTTCTTTA TTCTATACTT AAAAAGTOAA AATAAATACA AAOGTTCTTG AOOGT 53 



( 2 > INFORMATION FOR SEQ ID NQ«7: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 73 bate pass 
( B ) TYPE: atKkac acid 
( C ) STRANDEDNESS: tiagfc 
( D )TOP03UOOY:bncar 

< x i ) SEQUENCE DESCRIPTION: SEQ ID NOdJ7: 

TOTOTTAAAT TOAAAOCGAO AAATAATCAT AAATTATTTC ATTATCOCGA TATCCOTTAA 60 

OTTTOTATCO TAC 73 



( 2 ) INFORMATION FOR SEQ ID NOAft: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 56 bate pan 
( B )TYPE: mckx add 
( C ) STRANDEDNESS: tm&c 
( D ) TOPOLOGY: fiacar 

< x i ) SEQUENCE DESCRIPTION: SEQ ID N038: 



TTATTAGTAT TTAATAAAOT AATAGCOCTA TAGGCAATTC A A AC AT A GC A TOAGCT 56 



( 2 ) INFORMATION FOR SEQ IDNOJ9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 72 bate pan 
( B )TTFB: ancaoc aad 
( C ) STRANDEDNBSS: mgb 
( D ) TOPOLOGY: Esear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N049: 

AGAAATAAGA TATGAATTTT TCACTTTTAT TTATOTTTCC AAOAACTCCC A AC AC AATT T 60 

AACTTTCOCT CT 72 



( 2 ) INFORMATION POR SEQ ID NO30: 

( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 bate pan 
( B )TYPB: tsackac acid 
( C ) STRANDEDNESS: sag}* 
( D ) TOPOLOGY: fiacar 

(si ) SEQUENCE DESCRIPTION: SBQ ID ND30: 

ATCAT COAAT TCTOAATOTT AAATOTTATA CTTTG 33 



( 2 ) INFORMATION FOR SEQ ID NQ91: 



( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 28 bate pan 
( B ) TYPE: nckac acid 
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(C)S 
( D ) TOPOLOGY: fee* 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOS1: 

OOOOOTACCT TTOAOAOTAC CACTTCAO 

( 2 ) INFORMATION POR SBQ ID NO:92: . 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 fane pm 
( B ) TYPE: aockk acid 
< C ) STRANDEDNESS: skgfc 
( D )TOPOLOOY:hw« 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOS2: 

ATCATCCTOC AOOTATTCTA AACTAOOAAT AOATO 



( 2 ) INFORMATION POR SBQ ID NOS3: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 t»e pus 
( B ) TYPE: aockk acid 
( C ) STRANDEDNESS: smgk 
( D ) TOPOLOGY: fiacar 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NCrSO: 

ATCATCCTOC AOGTATTCTA AACTAOOAAT AOATO 



( 2 ) INFORMATION FOR SBQ ID NOrfH: 

( t ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: t7faajopn» 
( B ) TYPE: aockk add 
( C ) STRANDEDNESS: nagk 
( D) TOPOLOGY: fiaear 

( x ft ) SEQUENCE DESCRIPTOR SEQ ID NC*H: 

AATACOACTC ACTATAO 17 



( 2 ) INFORMATION POR SBQ ID N039: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENOTH: 45 bmo pass 
( B ) TYPE: aockk ackl 
( C ) STRANDEDNESS: sbtsk 
( D ) TOPOLOGY: fiacar 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO£5: 

ATCATCTCTA GAATAAAAAT TATCTTTTTT CTCTCTOCAC CACTC 



( 2 >n*FORMATIONFORSSQIDN046: 

( i > SEQUENCE CHARACTERISTICS: . 
( A ) LENGTH: 20 baas pan 
( B )TYPE: tnckac aod 
( C ) STRANDEDNESS: ek«fe 
( D ) TOPOLOGY: fiatai 

( x i ) SEQUENCE DESCRIPTION: SBQ ID N036: 

OAAATAATAA A AC AAT AATC 20 



( 2 >D4PORMATIONPORSBQ1DND57: 

( i ) SEOJE^XE CHARACTERISTICS: 

< A ) LENGTH: 35 bate pain 
( B ) TYPE: aockk add 

< C ) STRANDEDNESS: nagfe 

< D ) TOPOLOGY: fine* 
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( x i ) SEQUENCE DESCRIPTION: SSQ ID N05T7: 
OCTCCTATTC CCACTOCAOT TTTTTCTCTC TOCAC 35 



( 2 > INFORMATION FOR SEQ ID N038: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 to pnrt 
( B ) TYPE: nockk icid 
( C ) STRANDEDNESS: mgk 
( D )TOPOLOOY: fioear 

( x L ) S8QUENCE DESCRIPTION: SEQ ID N038: 

OTCCTOCAOO ATGOAAAAGA ATGCCCCAAG C 3 ] 



( 2 ) INFORMATION FOR SEQ ID NOr99: 

< t ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 21 to jmn 
( B )TYP£: nockic acid 
( C ) STRANDEDNESS: eagle 
( D > TOPOLOGY: Em 

( X i > SEQUENCE DESCRIPTION: SEQ ID NOSfc 

OOOOOAOOCA AACTACCAAG O 2 1 



( 2 ) INFORMATION FOR SEQ ID NOilCO: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 to paks 

< B )TYFE: GDckac tad 

< C ) STRANDEDNBSS: nagfe 

< D ) TOPOLOGY: fine* 

(si) SEQUENCE DESCRIPTION: SEQ ID NOJOO: 
ATCATCTCTA OAATAAAAAT TAGAGTTTCA AAOGC 3 5 



( 2 )INP0ftMATIONPORS6QtDNC<:101: 

( i )SSQUENCE CHARACTERISTICS: 

< A ) LENGTH? 20 taae paa» 

< B )TTPE; ddcIoc acid 

( C ) STRANDEDNBSS: n^k 

< D ) TOPOLOGY: bnur 

( x i > SEQUENCE DESCRIPTION: SEQ ID NO: 101: 
COCCAOCATO CAGAAOCAOC 2 0 



( 2 >INRStMATIONPORSBQIDNO:t02: 

( i ) SBOJUENCB CHARACTERISTICS: 
( A )LI£NGTH:43 topn} 
( B ) TYPE: mckic add 
( C ) STRANDEDNBSS: uagk 
( D ) TOPOLOGY: fiacar 

( z i ) SEQUENCE DESCRIPTION: SEQ ID NChlQtt: 

ATCATCTCTA OAATAAAAAT TATAOOAAAO CCCTTTCCAA OCC 43 



< 2 ) INFORMATION FOR SEQ ID NO: H»: 

( I ) SBQUENCS CHARACTERISTICS: 
( A ) LENGTH: 33 base pain 
( B ) TYPE: aocldc acid 
( C ) STRANDEDNESS: riagfe 
( D ) TOPOLOGY: fiaea 



( x t ) SEQUENCE DESCRIPTION: SEQ ID NO: 103: 
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OTOCAGAOAA AAAACTOCAO TGOOAATAOO AGC 

( 2 ) INFORMATION FOR SBQ ID NO:t04i 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 47 tese pm 
( B )TYPB; auckac add 
( C ) STRANDEDNESS: nagle 

< D ) TOPOLOGY: liac* 

( x i )SBQqENCEDESCRIFllON:SBQn>NO:)04: 
ATCATCTCTA OAATAAAAAT TACAAACTTO CCCATTTATC CAATTCC 

( 2 ) INFORMATION FOR SBQ ID NO 105: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 47 two pairs 
( B ) TYPE: mckk acid 
( C ) STRANDEDNBSS: cngk 
( D ) TOPOLOGY: ficear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO: 103: 

ATCATCTCTA OAATAAAAAT TACAAACTTO CCCATTTATC TAATTCC 

( 1 ) INFORMATION FOR SBQ ID ND:10& 

( i ) SEQUENCE CHARACTERISTICS: 
(A ) LENGTH: 38 toe pain 
(B )TYPE:i 

(C) S 
( D ) TOPOLOGY: fiaear 

C x i ) SEQUENCE DESCRIPTOR SEQ ID NOlOfc 

OCCTCCTACT ATCATTATGA ATAATCTTTT TCTCTCTO 3 8 

< 1 ) INFORMATION FOR SBQ ID NOrlOT: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 87 base pan 
( B ) TYPE: nnckic add 

( C ) STRANDEDNESS: uagle 
(D ) TOPOLOGY: focar 

( s i ) SEQUENCE DESCRIPTION: SBQ ID NO: 107: 

TTATTCATAA TOATAOTAOO AOOCTTOOTA OOTTTAAOAA TAOTTTTTOC TOTACTCTCT 60 

OTAOTOAATA OAOTTAOOCA OOOATAA »7 

( 2 ) INFORMATION** SBQ ID NO. H* 

( i ) SEQUENCE CHARAOi'eidSTRTS: 
(A > LENGTH: 87 bate pain 
(B ) TYPE: aodrfe add 
( C ) STRANDEDNESS: *mgk 
( D ) TOPOLOGY: fiacar 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOeMMc 

TTATCCCTOC CTAACTCTAT TCACTACAOA OAOTACAOCA AAAACTATTC T T A A AC CT AC 60 

CAAOCCTCCT ACTATCATTA TO A AT A A 17 

( 2 ) INFORMATION FOR SEQ ID NO: M9: 

; 

( i )SBQUENCECHAJ0^CTER1STICS: 

< A ) LENGTH: 43 tan pain 
( B ) TYPE: andoc add 

< C ) STRANDEDNESS: nagfe 

(D) TOPC4jOOT:finear 



5.766,598 

119 120 

-continued 



( x t )58QUENCBCCSaUPIK>N:SBQn>NO:t09: 
ATCATCTCTA OAATAAAAAT TATCCCTOCC TAACTCTATT CAC 



' ( 2 ) INFORMATION FOR SBQ ID NO:110: 

( L ) SEQUENCE CHARACTERISTICS: 
( A > LENOIR 82 ba» pan 
( B )TYP& aockkackt 
( C > SIRANDEDNESS: aajfe 
( D ) TOPOLOGY: finear 

( I i ) SEQUENCE DBSCRIFTfON: SBQ D3 NO:U0: 

OTACOTGACT AATTAGCTAT AAAAAOOATC COOTACCCTC OAOTCTAOAA TCOATCCCOO 60 



( 2 ) INFORMATION FOR SEQ ID NO-.l 11: 

( > > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 82 hue pan 
( B )TYPB: mckicacid 
( C ) SIRANDEDNESS: male 
( D ) TOPOLOGY: liaear 

< x i ) SEQUENCE DESCRIPTION: SEQID NO:IIl: 

OOCCOTOATI AACTAOTCAT AAAAACCCOO OATCOATTCT AOACTCOAOO OTACCOOATC 60 

CTTTTTATAG CTAATTAOTC AC 82 



( 2 ) INFORMATION FOR SBQ ID NOtl 12: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 70 bwe pan 
( B ) TYPE: aackic acid 
( C ) STRANDEDNESS: tiaale 
( D ) TOPOLOGY: linear 

(at) SEQUENCE DESCRIPTION: SBQ ID NOtl 12: 

OATCTTAATT AATTAOTCAT CAOOCAOOOC OAOAACGAGA CTATCTOCTC GTTAATTAAT 60 

TAOOTCOACO 7 0 



( 2 )INPORMATTONPORSEQIDNO:113: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 70 haw pain 
( B ) TYPE: aockk add 

< C ) STRANDEDNESS: nafe 

< D ) TOPOLOGY: frncar 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO: 113: 
OATCCOTCOA CCTAATTAAT TAACCAOCAC ATAOTCTCOT TCTCOCCCTG CCTOATOACT 6 0 



( 2 ) INFORMATION FOR SEQ ID NDclMc 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 14 haw pan 
( B )TYPB: ancicasaad 
( C ) STRANDEDNESS: ckgle 
( D ) TOPOLOGY: finear 

( x i ) SEQUENCE DESCRIPTION: SBQtD NO:114: 

OOTCOACOOA TCCT 14 



( 2 ) INFORMATION FOR SEQ ID NO: 113: 



121 



5/766,598 

-continued 



122 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 bate pro 
( B )TYPE: mckkacid 
( C ) STRANDEDNESS: sagk 
( D ) TOPOLOGY: for 

< x i ) SEQUENCE DESCRIPTION: SEQ DO Nth 115: 

OATCAOOATC COTCOACCTO CA 



( 2 ) INFORMATION FOR SEQ ED NO 116: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pain 
( B )TYPE: mckic add 
( C ) STRANDEDKESS: uojfe 
( D ) TOPOLOGY: fintar 

(li ) SEQUENCE DESCRIPTION: SBQ ID NO: 1 16: 

TOTOOCAAAO AAOOOC 16 



( 2 > INFORMATION FOR SEQ ID NO-J17: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 buc pairs 
( B ) TYPE: aockac add 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: fiaeaT 

(xt) SEQUENCE DESCRIPTION: SBQ ED NO: 117: 

TTOOATCCTT ATTGTOACOA GOOOTC 26 



( 2 ) INFORMATION FOR SBQ ID NO-.llfc 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 106 haw pan 
( B ) TYPE: aockkadd 
< C ) STRANDEDNESS: naek 
( D ) TOPOLOGY: fiaev 

( x i > SEQUENCE DESCRIPTION: SEQ ED NOtllft: 

OATCTTGAGA TAAAGTGAAA ATATATATCA TTATATTACA AAGTACAATT ATTTAOOTTT 60 

AATCATOOOT OCOAOAOCOT CAOTATTAAO COOGOOAOAA TTAOAT 106 



( 1 ) INFORMATTON FOR SEQ ID NOU19: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 104 baac pars 
( B ) TYPE: oaekk add 
( C ) STRANDEDNESS: oagfa 
< D )TOPOLOOY:Bm 

( x i ) SEQUENCE DESCRIPTION: SEQ TO NOtllfc 

COATCT A ATT CTCCCCCOCT TAATACTOAC OCTCTCOCAC CCATOATTAA ACCTAAATAA 60 

TTOTACTTTO T A AT AT AATO ATATATATTT TCACTTTATC TCAA 104 



( 2 ) INFORMATION FOR SBQ ED NO:£20: 

( i ) SBQUENCB CHARACTERISTICS: 
( A > LENGTH: 69 base pain 
( B > TYPE: aockkadd 
( C ) STRANDEDKESS: uogfc 
( D ) TOPOLOGY: Bacar 

( k t ) SEQUENCE DESCRIPTION: SEQ ID NO-.t2& 



CTOACACAOO ACACAOCAAT CAOOTCAOCC AAAATTACTA ATTTTTATCT COAOOTCOAC 
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( 2 ) INFORMATICS FOR SBQ ID NO: 121: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENOTEb 72 MM pahs 
( B ) TYPE; aodek acid 

< C ) STRANDEDNESS: nagk 
( D ) TOPOLOGY: fiacv 

( % i ) SEQUENCE DESCRIPTION: SBQ ID NOtl2l: 

OATCCOOOTC CfOTCOACCT CGAGATAAAA ATTAOTAATT TTOOCTOACC TOATTOCTOT 60 

OTCCTOTOTC AO 72 



( 2 > INFORMATION FOR SEQ ID NO. 122: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: Mmmmss 
( B ) TYre: onckic acid 

< C ) STRANDEDNESS: mgfe 
. ( D ) TOPOLOOT: bacar 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 122: 

AAOAAAATTA TAOGAC 16 



( 2 ) INTORMAIKJN FOR SBQ ID NO: 123: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 mm fan 
( B >TTPE:oDckicaai 
( C ) STRANDEDNESS: aisle 
< D ) TOPOLOOT: fine* 

( i i ) SEQUENCE DESCRIPTION: SBQ ID NOrER: 

TTOOATCCCT AATCCTCATC CTOT 24 



( 2 ) INFORMATION FOR SEQ ID NO: 124; 

( i ) SBOJUBNCE CHARACTERISTICS: 
( A > LENGTH: 25 mm pws 
( B >TTFE: oockacatvl 
( C )StRANDEDNBSS:o38h> 
( D ) TOPOLOOT: finear 

( i i ) SEQUENCE DESCRIPTION: SBQ ID NO:124: 

AAAOTCOACC CATATCACCT AOAAC 25 



( 2 ) INFORMATION FOR SBQ ID NO:125: 

( i ) SIX2UENCB CHARACTERISTICS: 
( A ) LENGTH: 29 MM pan 
( B ) TYPE: odcmjc add 
( C ) STRANDEDNESS: amfi)e 
( D ) TOPOLOOT: fiMar 

( i i ) SEQUENCE DESCRIPTION: SEQ U> NO-.123: 

TTTOOATCCT T AC AAA ACT C T TOCCTTAT 29 



( 2 ) INFORMATION FOR SBQ ID NOtl2fc 

( i )SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: UBbMopah 
( B ) TYPE: auckic arid 
( C ) STRANDEDNESS: aaafe 
( D ) TOPOLOOT: fiacar 



( I i ) SEQUENCE DESCRIPTION: SEQ ID NOeUfi: 
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TCOAOCAAAA TTOAAAATAT ATAATTACAA TATAAAATOC CTATAGTGCA GAACATCCAO 60 
OOOCAAATOO TACATCAOOC CATATCACCT AOAACTTTAA ATOCA 105 



( 2 ) INFORMATION FOR SEQ ID NOrttT: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 97 base pain 
( B ) TYPE: axkdc mad 
( C ) STRANDEDNESS: mgb 
( D ) TOPOLOGY: fiaev 

(it ) SEQUENCE DESCRIPTION: SEQ CD NO: 127: 

TTTAAAOTTC TAGGTOATAT OOCCTOATOT ACCATTTGCC CCTOOATOTT CTOCACTATA 60 

OOCATTTTAT ATTGTAATTA TATATTTTCA ATTTTOC 97 



( 2 ) INFORMATION FOR SEQ ID NO:12& 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 43 base p» 
( B ) TYPE: aockk arid 

< C ) STRANDEDNESS: u^t 
( D ) TOPOLOGY: linear 

< x i ) SEQUENCE DESCRIPTION: SSQ ID NO:128: 

OCCTCCTACT ATCATTATOA ATAAACTOAT GGOAOOGGCA TAC 



( 2 )lNPCRMAnONPORSEQIDNO:L29: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 baas pawi 
( B > TYPE: oncfcic add 
(C) STRANDEDNESS: angle 
CD ) TOPOLOGY: fiacar 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.L29: 



( 2 ) INFORMATION FOR SEQ ID NOtttOt 

( i > SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 9 hwBfiiin 
( B ) TYPE: aocfctc arid 
( C ) STRANDEDNESS: nagfe 
( D ) TOPOLOGY: Banr 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 130: 

TCOAOTTOC 9 



< 2 > INFORMATION FOR SEQ ID NO: 131: 

< t ) SEQUENCS €SARA<nERISTlCS: 
( A ) LENGTH: Abate pairs 
( B ) TYPE: nxfesc acid 
( C > STRANDEDNESS: nagfe 
(D)TOFOL0GY:fiatar 

(it) SEQUENCE DESCRIPTION: SEQ ID NOttJl: 

OOCCAAAC a 



< 2 ) INFORMATION FOR SEQ IDNO-J32: 

( t )SBQuB>K£CHARACTBfttSIlCS: 
. ( A ) LENGTH: IhaMpani 
< B ) TYPE: audcic arid 
( C ) STRANDEDNESS: Back 
( D ) TOPOLOGY: fiacar 
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( x i ) SEQUENCE DESCRIPTION: SBQ ID N0132: 
T CO AO T T T 



( 2 ) INFORMATION FDR SEQ ID NChI33: 

( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pan 
( B ) TYPE: metric acid 
( C )SIRANDEDNBSS:mgto 
( D ) TOPOLOGY: fowr 

( x i ) SBQUENCB DESCRIPTION: SBQ ID NO: 133: 

CCCCCCAAOC TTACATCATO CAOTOOTTAA AC 3 2 



< 2 ) INFORMATION FOR SBQ ID NO: 134: 

< i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 base pain 
( B ) TYPE: metric acid 
< C > STRANDEDNBSS: nagfe 
( D )TOPOLOOY:fiKJW 

(xi ) SEQUENCE DESCRIPTION: SBQ CD NO:134: 

OATTAAACCT AAATAATTOT 20 



< 2 ) INFORMATION FOR SBQ ID NOU33: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 base pan 
( B ) TYPE: nucleic acid 
(C > STRANDEDNESS: siagk 
( D ) TOPOLOOY: fixcar 

( x i ) SBQUENCE DESCRIPTION: SBQ ID NO-.133: 

ACAATTATTT AOOTTAACTO CA 

< 2 ) INFORMATION FOR SBQ LT> NO:13& 

( i ) SEQUENCE CHARACTERISTJCS: 
(A ) LENGTH: 1ft ban pairs 
( B ) TYPE: anckk add 
( C ) STRANDEDNESS: angle 
(D ) TOPOLOOY: fiaear 

(it) SBQUENCB DESCRIPTION: SEQ ID NO: 136c 

OTTAACCTAA ATAATTOT 



( 2 ) INFORMATION FOR SBQ ID NCht37: 

( i .) SBQUENCB CHARACTERISTICS: 
( A ) LENGTH: 73 baau paai 
( B ) TYPE: xociek acid 
( C ) STRANDEDNESS: cfarie 
( D )TOPOLOOYifiaear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 137: 

TAATCATOAA ACAAATTATT AATATOTOOC AAOAAOAOOA AAAOCTATOT ACOCTTOACT 60 

AOTTAATCAC TCOAO 73 



( 2 ) INFORMATION FOR SBQ ID NO: 133: 

< i ) SBQUENCB CHARACTERISTICS: 

< A ) LENGTH: 80 ban pan 
( B ) TYPE: xockao aad 

( C ) STRATOGDNBSS: naxfe 

< D ) TOPOLOGY: Enear 
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( x i ) SEQUENCE DESCRIPTOR SBQ ID NOtKft: 
OATCCTCOAO TOATTAACTA OTCAAOCOTA CATAOCTTTT CCTACTTCTT OCCACATATT 60 
AATAATTTGT TTCATOATTA SO 

( 2 )INR»MAT1ONPORSB0IDNO:139: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 78 kmc pans 
( B ) TYPE: aockic acid 
( C ) STRANDEDNESS: liagfe 
( D) TOPOLOGY: fiae« 

( x 1 ) SEQUENCE DESCRIPTION: SBQ ID NO:139: 

ATCCOTTAAO TTTOTATCOT AATGCACGAA OATATTATTT CTTTOTOOOA TCAATCTTTA 60 

AAATOACTAO TTAATCAO 78 

( 2 ) INFORMATION FOR SEQ ID NO: 140: 

( ■ ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 82 bate paks 
( B )TTPE: tockicacad 
( C ) STRANDEDNESS: sngfe 
( D >TOPOLOOY: fiaear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOU40: 

OATCCTOATT AACTAOTCAT TTTAAAGATT GATCCCACAA AOAAATAATA TCTTCOTOCA 60 

TTACOATACA AACTTAACGG AT 82 

( 2 ) INFORMATION FOR SBQ ID NOU4U 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 bate pais 
( B ) TYPE: oockac add 

< C ) STRANDEDNESS: tmgjc 

< D ) TOPOLOGY: fiaear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID N0el41 : 
AATTAATTAG CTOCAGCCCC OGGTCAAAAA AAT AT AAATO 40 

( 2 )DMFORMATIONPORSEQIDNO:t43: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 bate paks 
( B ) TYPE: aockac acid 
( C ) STRANDEDNESS: oajd* 
( D ) TOPOLOGY: fiaear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOtt42: 

CCTTOT ACT A CTTCAATTAC TCTATCCATT TTATATTOTA A T T ATA TAT T TTC 33 

( 2 ) INFORMATION FOR SBQ H> NOtK* 

( i ) SEQUENCE CHARACTERISTJCS: 

< A ) LENGTH: OTbaMptks 

< B ) TYPE: oadeic acid 

% < C ) STRANDEDNESS: txaxte 

( D )TOPOLOOY:fiatar 

< x i ) SEQUENCE DESCRIPTION: SBQ ID NO.143: 

TCAAAAAAAT ATAAATGATT CACCATCTOA TAG A AAA AAA ATTTATTOOO AAOAATATGA 60 

TAATATTTTO OOATTTCAAA ATTGAAAATA TATAATTACA AT AT A A A 107 



< 2 ) INFORMATION FOR SEQ ID NO-.144: 
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( s ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 73 base frit* 
( B ) TYPE: aockac acid 
( C ) STRANDEDNESS: siaglc 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO:14* 

ATOOATAOAO TAATTGAAGT AGTACAAOOA GCTTATAGAG CTATTAOATG ACTAOTTAAT 60 

CACTCGAOGA TCC 73 

( 2 ) INFORMATION FOR SBQ ID NO:145: 

( I ) SEQUENCE CHARACTERISTICS: 
( A ) LENOTH: 73 b«K p*ir» 
( B ) TYPE: Bodcac aad 
{ C ) STRANDEDNESS: uagk 

< D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO: 145: 
OGATCCTCGA OTOATTAACT AGTCATCTAA TAOCTCTATA AGCTCCTTOT ACTACTTCAA 60 
TTACTCTATC CAT 73 

( 2 ) INFORMATION FOR SBQ ID NO:146: 

( i ) SEQUENCE CHARACTERISTICS: 
1 A ) LENGTH: 43 bmc pass 
( B ) TYPE: metric acid 

< C ) STRANDEDNBSS: angle 
( D ) TOPOLOGY: finaar 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO:146: 

AT CAT COO AT CCTCOAGTOA TTAAACTAGT CATCTAATAG CTC 43 

( 2 ) INFORMATION FOR SBQ ID NO-.147: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: M bate pax* 
( B ) TYPE: aockic acid 
{ C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: fiacar 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOrHT: 

TTAATCAGOA TCCTTAATTA ATTAOTTATT AG AC AAGGTG AAAACOAAAC TATTTOTAOC 60 

TTAATTAATT AGCTOCAOCC CGOO *4 



( 2 ) INFORMATION FOR SBQ IDNOJ48: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: B4baMpak> 
( B ) TYPE: aockac acid 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: Bit 

( x i ) S8QUENCE DESOUPTJON: SBQ ID NO:14& 

CCCOOOCTOC AGCTAATTAA TTAAGCTACA AATAOTTTCG TTTTCACCTT OTCTAATAAC 60 

TAATTAATTA AGGATCCTOA TTAA 14 



( 2 )INJP0RMATKWFCRSBQIDNOtl49: • 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 bate pain 
( B ) TYPE: nockac add 
( C ) STRANDEDNESS: nogfe 
( D ) TOPOLOGY: fiacar 



( x i ) SEQUENCE DESCRIPTION: SBQ ID NO: 149: 
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TTAATCAOOA TCCTTAATTA ATTAOTTATT AOAC 34 

( 2 ) INFORMATION FOR SEQ ID NO 150: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 base pnkt 
( B ) TYPE: mckic acid 
( C ) 5TJKANDEDNESS: single 
( D ) TOPOLOCfY: £ncar 

( I i ) SEQUENCE DESCRIPTION: SEQ ID NO: 150: 

ATCATCOOAT CCTCGAOTGA TTAACTAOTC ATCTAATAOC TC 42 

( 2 )INP0RMATIONPOR SBQIDNCnl51: 

( i ) SEQUENCE CHARACTERISTICS: 
f A ) LENGTH: 12 bate pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Gacar 

< i i ) SEQUENCE DESCRIPTION: SEQ ID NO:151: 

AATTGCGGCC OC 12 

( 2 > INFORMATION FOR SBQ ID NO: 152: 

( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 66 base pairs 
( B ) TYPE: nockac acid 
( C > STRANDEDNESS: saqde 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO:152: 

AO AAA A AT C A OTTAOCTAAO ATCTCCCOOO CTCGAGOGTA CCOOATCCTO ATTAOTTAAT 60 

TTTTOT 66 

( 2 > INFORMATION FOR SEQ ID NO: 153: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 70 baas pan 
( D ) TYPE: ancfcac acid 
( C ) STRANDEDNBSS: anfk 
( D ) TOPOLOGY: Goes* 

( I i ) SEQUENCE DESCRIPTION: SBQ ID NO:U3: 

GAT C AC AAA A ATTAACTAAT CAOOATCCOO TACCCTCOAG CCCOOOAOAT CTTAGCTAAC 60 

TGATTTTTCT 70 

( 2 ) INFORMATION POR SEQ ID NO: 154: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 51 anxao acfcb 
( B )TYP&annaoacai 
< C ) STRANDEDNBSS: siaate 
( D )TOPOLOOY:6«ear 

( x i ) SEQUENCE DESCRZPDON: SEQ ID N0el54: 

Met Ly i Olo Ola Lyi Thi Val Ala Met At | Vil Ly i Ola Lyi Tyr Oil 

t 5 10- 13 

His Leo Trp Arg Trp Oly Trp Arg Trp Oly Tbr Met Leo Lea Ol y Met 
2 0 2 5 3 0 

Lea Met lie Cyi Ser Ala Tbr Olo Ly s Leo Trp Val Tbi Val Tyr Tyr 
3 5 40 4 5 



Oly Val Pro 
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( 2 ) INFORMATION FOR SBQ ID N0155: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 62 annao adds 
( B ) TYPE: msao add 
( C ) STRANDEDNESS: nagto 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO:155: 

Pro Phc Arg Lyi OU lie lie An Met Trp Ola OU Val Oly Lys Ala 
1 5 10 15 

Met Tyr Ala Pro Pro Pbe Arg Ly* Hi i Ola A»p lie lie Ser Leu Trp 
2 0 2 5 3 0 

Afp Ola Ser Lea Ly i Pro Pto Pbe Arg Ly* Aip Arg Vi I lie Gin Vil 
35 40 43 

Vil Ola Oly Ala Tyr Arg Ala lie Arg Pro Pro Pbe Arg Ly» 



( 2 ) INFORMATION POR SBQ CD NCH156: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 2ft annao arid* 
( B ) TYPE: anno acid 
(C ) STRANDEDNESS: ng)e 
( D ) TOPOLOGY: fiaear 

(xi ) SEQUENCE DESCRIPTION: SBQ ID NOil56c 

Leo Pbe lie Met lie Val Gly Oly Lea Vil Oly Lea Arg lie Vil Pbe 
1 5 10 15 

Ala Val Leo Ser Val Val Asa Arg Val Arg Gla Oly 

20 25 



( 2 ) INFORMATION FOR SBQ ID NO-.157: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 bate pan 
( B ) TYPE: aocldc arid 
( C ) STRANDEDNESS: eagle 
( D ) TOPOLOGY: fiaear 

< * i ) SEQUENCE DESCRIPTION: SBQ ID NO: 157: 

ACTACTAAGC TTCTTTATTC TATACTTAAA AAOTO 3 5 



( 2 ) INFORMATION POR SBQ ID NO:15S: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 45 bate pan 
( B ) TYPE; inckic add 
( C )STRANTJBDNESS:ikgl» 
( D ) TOPOLOGY: fiaear 

(x i ) SBQUENCB DESCRIPTION: SBQ ID NOtl5fc 

CATATTAATT TOTTTTCTAA AAOOAOOTAC CCCATAATAO ACTOTO 46 



( 2 ) INFORMATION FOR SBQ ID NO:159: 

< i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 94 bate pain 
(B ) TYPE: ancfcac add 
( C ) STRANDEDNESS: angle 
(D)TOPOLOOY: fiaear 

( x i ) SBQUENCE DESCRIPTION: SBQ ID NO:159: 
OCTCCTCCTT TTAOAAAACA COAAOATATT ATTTCTTTOT OOOATCAATC TTTAAAACCT 60 
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CCTTTTAOAA AAOATAOAOT AATTOAAOTA OTAC 94 

( 2 ) INFORMATION FOR SBQ ID NO-.WQ: 

( i ) SBQUENCB CHARACTERISTICS: 
( A ) LENGTH: 94 hue pus 
{ B )TYP£: ndcteackl 
( C ) STRANDEDNESS: imgle 
(D ) TOPOLOGY: fiacar 

( x i ) SBQUENCE DESCRIPTION: SEQ ID NO:160: 

OTACTACTTC AATTACTCTA TCTTTTCTAA AAGOAOGTTT T A A AO AT TO A TCCCACAAAO 60 

AAATAATATC TTCOTOTTTT CTAAAAOOAO OAOC 94 

( 2 ) INFORMATION FOR SEQ ID NO: 161: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 70 bate pm 
( B ) TYPE: mckfc add 

< C ) STRANDEDNBSS: tingle 
( D ) TOPOLOGY: fiaear 

< x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 161: 

AAACAAATTA TTAATATGTO OC A AO A AO T A OOAAAAOCTA TOTACOCTCC TCCTTTTAOA 60 

AAACACOAAG 70 

( 2 ) INFORMATION FOR SBQ TD NO?162: 

( i ) SEQUENCE CHARACTERISTICS: 
( A )l£NGTH:561»fepat» 
( B ) TYPE: aockac acid 
( C ) STRANDEDNESS: nagfc 
( D ) TOPOLOGY: finear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 162: 

ACTACTTCTA GATTATCTAA TAOCTCTATA AOCTCCTTOT ACTACTTCAA TTACTC 36 

< 2 ) INFORMATION FOR SEQ TDNO:163: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 74 baw pan 
( B ) TYPE: DDckk acid 

( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: Bacar 

(Si ) SBQUENCE DESCRIPTION: SBQ ID NO-.163: 

TACTATCATT ATOAATAATT TTCTAAAAOO AOOTCTAATA OCTCTATAAO CTCCTTOTAC 60 

TACTTCAATT ACTC 74 

< 2 ) INFORMATION FOR SBQ TD NO: 164; 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 baas pan 
( B ) TYPE: aodac acid 
( C ) STRANDEDNESS: nagk 
( D ) TOPOLOGY: fiaear 

(xl) SEQUENCE DESCRIPDON: SEQ ID NO: 164: 

AT C AT COG AT CCAAOCTTAC A TC A TOCAOT OO 32 

( 2 ) INFORMATION FOR SBQ IDNO:l63: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 49 base pain 
( B ) TYPE: aockic acid 
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( C ) STRANDEDNESS: ingle 
( D ) TOPOLOGY: fines 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOtJ65: 

COTTTTOACC ATTTOCCACC CATOATTAAA CCTAAATAAT TOTACTTTO 49 



( 2 ) INFORMATION FOR SEQ LT> NO: 166: 

( i ) SEQUENCE CHARACTERISTICS: 
(A ) LENGTH: 46 tmae purs 
( B ) TYPE: nocloc add 
( C ) STRANDEDNESS: satffte 
( D ) TOPOLOGY: fiaear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 166: 

AOTACAATTA TTTAGOTTTA ATCATOOOTO OCAAATOOTC AAA ACO 46 



( 2 ) INFORMATION FOR SBQ ID NO:i67: 

( i ) SBOJUENCB CHARACTERISTICS: 
( A ) LENGTH: 30 Ink fain 

< B )TYPE: nockac*cid 

< C ) STRANDEDNBSS: stsgfe 
( D ) TOPOLOOY: bmr 

( z t ) SEQUENCE DESCRIPTION: SBQ ID NO.167: 

ATCATCOOAT CCTAACACTT CTCTCTCCOO 30 

( 2 ) INFORMATION FOR SBQ ID NOttS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 55ba»span 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOOY: few. 

(ii ) SEQUENCE DESCRIPTION: SEQ LT> N0cl6& 

ATCATCGGAT CCTAACACTT CTCTCTCCOO GTCATCCATC CATOCTOOCT CAT AG 55 

( 2 ) INFORMATION FOR SBQ ID NO:169: 

f i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 70 ta*a pin 
( B ) TYPE: aockic acid 

( C ) STRANDEDNBSS: eagle 
( D ) TOPOLOOY: linear 

( z i )SBqpENCEDESC]UPTJON:SSQn>NO:169: 

AATTAACCCO OGATCCAAOC TTCTAOCTAO CTAATTTTTA TAOCOOCCOC TATAATCGTT 60 

AACTTATTAO 70 



( 2 ) INFORMATION FOR SBQ ID NOITQ: 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 2Sbaaopak» 
( B ) TYPE: aackac acid 
( C ) STRANDEDNBSS: siagl* 
(O)TOP0UXnr:Baes 

(xi) SEQUENCE DESCRIPTJON: SBQ O NO:170: 

GCTAGAAATC TCTTAGTTTT TATAOTTO 2 8 



( 2 ) ^FORMATION FOR SEQ ID NO:17l: 



( i ) SBQUENCB CHARACTERISTICS: 
( A ) LENGTH: 28 bate pan 
( B ) TYPE: oneiric «d 
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( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: fiaev 

< x i ) SEQUENCE DESCRIPTION: SBQIDNO:17t: 

OTTACATATO TACAOAATCT OATCATAO 



< 2 ) INFORMATION FOR 5BQ ED ^0:172: 



< i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 67 bwe pert 
( B ) TYPE: ncktc add 
( C ) STRANDEDNESS: nagfc 
( D ) TOPOLOGY: fiaear 



( x i )SBQUEMCE DESCRIPTION: SEQ TD NO: 171 
CTAGCTAGAA GCTTGOATCC COOGTTAATT AATTAATAAA AAOCGGCCGC GTTAAAOTAO 60 
AAAAATG 6 7 



( 2 ) INFORMATION FOR SEQ ID NO: 173: 

( i >Sa}UENCE CHARACTERISTICS: 
( A ) LENGTH: 67 We pan 
( B )TYPE: Bodrieadd 
( C ) STRANDEDNESS: uagle 
( D ) TOPOLOGY: batm 

( x i ) SEQUENCE DBSCSUPTtON: SEQ ID NO:173: 

COCCCATGAT TAAACCTAAA TAATTGTACT TTOTAATATA ATOATATATA TTTTCACTTT 60 

ATCTCAC 67 



( 2 ) INFORMATION POR SEQ ID NO: 174: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17bftMpa« 
( B ) TYPE: xnddc add 
( C ) STRANDEDNESS: daafe 
( D ) TOPOLOGY: fiacar 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-J74c 

ATOOCAOTTC ATTOCAT | 7 



( 2 ) INFORMATJON FOR SEQ ID NOtI73: 

{ i ) SBQDENCE CHARACTBRSSTJCS: 
( A ) LENOTU: 31 baM psn 

< B ) TYPE: aDdafe arid 

< C ) STRANDEDNESS: caadc 

< D)TOPOLOOY:Iac« 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO:175: 
TTCCCOOOAO ATCTCTATGC CATTTCTCCA T 31 



< 2 )INJCWdATK»rraSBQIDNO:l76c 

( i ) SEQUENCE CHARACTERISTICS: 
(A ) LENGTH; 5 bate pan 
(B ) TYPE: ascitic add 
( C > STRANDHDNESS: najfc 
( D ) TOPOLOGY: fiacal 

( x > ) SEQUENCE DESCRIPTION: SEQ ID NOttTfi: 

OOTTO 5 



( 2 ) INFORMATION POR SEQ ID NOU77: 



< i ) SEQUENCE CHARACTERISTICS: 
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{ A ) LENGTH: 11 hue pen 
< B ) TYPE: oockic add 
( C ) STRANDEDNESS: uxb> 
( D )TCPOIjOOY: finear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO:r77: 

AATTCAACCO C 



< 2 ) INFORMATION FOR SBQ ID NO: ITS: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 78 base pain 
( B )TYPE: mckicacid 
( C ) STRANDEDNESS: tm&c 
( D )TCPCUX)Y:hxM 

( x 1 ) SEQUENCE DESCRIPTION: SBQ ID 1*0:17* 

CTAOCTAAOT TAAOOCAOOO OTATAOOCCA OTOTTCTCTT CCCCACCCTC TTATTICCAO 

CAOACTCATA CCCAACAO 



6 0 

7 & 



( 2 )TNFORMATK>NFORSEQIDNO:179: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 77 two pv 
( B )TYPE: aockic acid 
( C ) STRANDEDNESS: Nttjjfe 
( D ) TOPOLOGY: finear 



( x i ) SEQUENCE DESCRIPTION: SBQ ID NO:179: 



OTCCTOTTOO OTATOAOTCT OCTOOAAATA AOAOOOTOGO OAAOAOAACA CTGGCCTATA 60 
CCCCTOCCTT AACTTAG 77 



( 2 ) INFORMATION FOR SBQ ID NOdftO: 

( i ) SBQUENCB CHARACTERISTICS: 
( A > LENGTH: 36 baao pairs 
( B > TYPE: auckic and 
{ C > STRANDEDNESS: Sffigfe 
( D ) TOPOLOGY: liaear 

( x i ) SEQUENCE UMSL1UH1ION: SBQ ID NOtlBOt: 

AAAOOATCCC CCOOOTTAAA AATTTAAAOT OCAACC 3 6 



( 2 )rNP0RMAT!ONFORSBQIDNO:181: 

( i ) SBQUENCB CHARACTERISTICS: 
( A ) LENGTH: 11 basepak* 
( B ) TYPE: anckic acid 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: fiaear 

( x i ) SEQUENCE DESCRIPTION: SBQ CD NO: 181: 

COATAAACCO C 11 



< 2 ) INFORMATION FOR SBQ IDNOCIS2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A )LENOTH:7ba>Dpaia 
( B ) TYPE: Dodac acid 
< C ) STRANDEDNESS: nxgfc 
( D )TOKxU)OY: fiaear 

( x t > SEQUENCE DESCRIPTION: SBQ ID NO: 182: 

OOTTTAT 7 



( 2 ) INFORMATION FOR SBQ IDNOUKfc 



5,76638 

145 146 

-continued 



( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENOIR: 7 base pairs 
{ B ) TYPE: Eockac acid 
( C ) STRANDEDNESS: aiagfe 
( D ) TOPOLOGY: Ixacar 

( s i > SEQUENCE DESCRIPTION: SEQ ID NOJS3: 

OOOAAAO 7 



( 2 ) INFORMATION FOR SEQ ID NO: 184: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 11 base pen 
( D ) TYPE: inddc arid 
( C ) STRANDEDNBSS: ngk 
( D )TGPCLOOY: b*ar 

( ft i ) SBQUENCE DESCRIPTION: SBQ ID NO: 184? 

OATCCTTTCC C 

( 2 ) INFORMATION FOR SBQ ID NOtlSS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 12 toe purs 
( B ) TYPE :andeic acid 
( C ) STRANDEDNBSS: smgfe 
( D ) TOPOLOGY: linear 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO: 185: 

CTAOAAAACC OC 



( 2 )DTORMATK)NFOft SBQU>NO:lft6: 

< 1 ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 haw pan 
( B > TYPE: andac add 
( C ) STRANDEDNESS: tagk 
( D ) TOPOLOOY: fiacar 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOtlStic 



< 2 ) INFORMATION FOR SEQ ID NCK187: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 hate pan 
( B ) TYPE: aDckac add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: fines* 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 187: 

CAOAAOTAOC ATATATOT 1 8 



( 2 > INFORMATION FOR SEQ IDNOrlSSc 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 43 base pairs 
( B ) TYPE: ascitic add 
( C ) STJLANDEDNESS: isagfe 
( D ) TOPOLOGY: fiacar 

( x i ) SBQUENCE DESCRIPTION: SEQ ID NOtlSS: 

OCCTCCTACT AT'CATTATG A ATAATCTCTT ATOTCTCCCT OOAOC 43 



< 2 ) INFORMATION FOR SBQ ID NOclSft 



( i ) SBQUENCB CHARACTERISTICS: 
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( A ) LENGTH: 55 amino acxfc 
( B ) TYPE: amino add 
( C ) SUtANDBDNBSS: flagfe 
( D )TOPOLOOY:&aear 

(li ) SEQUENCE DESCRIPTION: SBQ ID NO. 189: 

Met Lyt Ola Oln Lyi Tbr Vm I Ala Met Aig Vil Lyt Ola Lyi Tjrt Olm 
1 5 10 IS 

Hi i Leo Tip Ar g Trp Oly Trp Arg Tip O 1 y Tbr Mel Leu Lea Oly Met 

2 0 2 5 3 0 

Lea Met lie Cyt Set All Tbi Ola Lyt Lea Trp Vil Tbr Vi I Tyt Tyi 
3 5 40 43 

Oly Vil Pro Pro Pbe Arc Lyt 

5 0 5 5 

( 2 )INPORMATKDNPORSBQIDNO:190: 

( i )SH3VENCB CHARACTERISTICS: 
( A ) LENOTH: 89 vno aatk 
(B ) TYPE: anno acid 
( C ) STRANDBDNBSS: single 
(D)TOPOLOOT:fiacar 

( x i ) SEQUENCE DBSdUPTION: SBQ ID NO:!90c 

Pro Pbe Arg Lyi Oly Pro Lyi Ola Pro Pbe Arg Aip Tyr Vat Asp Arg 
1 5 10 15 

Pbe Tyr Lyt Pro Pro Pbe Arg Lyt Vil Oln lie Am Cyi Tbr Arg Pro 

20 25 30 

Act Tyr Asa Lyi Arg Lyt Arg lie Hi i lie Oly Pro Oly Arg Ala Pbe 
3 5 40 43 

Tyr Tbr Tbr Lyt A t it lie lie Oly Tbr lie Arg Ola Ala Hit Cyt Asa 

50 5 5 60 

lie Ser Arg Ala Lyt Pro Pro Pbe Arg Lyt Ola lie lie Ate Met Trp 
65 70 7 5 SO 

Ola Olo Val Ola Lyt Ala Met Tyr Ala 
■ 3 

( 2 >INK*U*ATIONFORSEQn>NO:191: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENOTH: 38 haw pan 

< B )TTPE: aockacacid 

( C ) STJtANDEDNBSS: riagte 
( D ) TOPOLOGY: fiaetr 

{ x i ) SEQUENCE DESCRIPTION: SBQ ID NO: 191: 

AOOTCCCTTC CTGAATOOAO OTACCCCATA AT AO ACTO 3» 

( 2 > INFORMATION FOR SBQ U> NO:192: 

( i ) SEQUENCE CHARACTEK1STJCS: 
( A )[£N0T& 72 hate pain 
( B )TYPE: aockacacid 
( C ) STRANDEDNBSS: riaglr 
( D >TOPOLOOY: haear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO-.192: 

CCATTCAOOA AOOOACCTAA AOAACCTTTT AOAOATTATO T AOAT AO AT T TTATAAACCA 60 

CCTTTTAOAA AA 72 



< 2 ) INFORMATION FOR SBQ ID NOJ93: 

< i ) SEQUENCE CHARACTERISTICS: 
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( A ) LENGTH: 72 ba>ep*» 
( B ) TYPE: aackic aod 
( C ) STRANDEDNESS: angle 
( D )TC««&OGY:fiacar 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO. 193: 

TTTTCTAAAA OOTOOTTTAT AAAATCTATC TACATAATCT CTAAAAOOTT CTTTAOOTCC 60 

CTTCCTOAAT GO 72 



( 2 ) INFORMATION FOR SBQ ID NO: 194: 

( i ) SBOjUENCE CHARACTERISTICS: 
( A ) LENGTH 43 bate paw 
{ B ) TYPE: aodoc and 
< C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: fiaear 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 194: 

OTACAATTAA TTTOTACTTT TCTAAAAGOT OOTTTATAAA ATC 43 



( 2 ) INFORMATION FOR SEQ ID NO-.I95: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 72 base pan 
( B ) TYPE: nockic arid 
( C ) STRANDEDNESS: tttgfc 
(D)TOPOLCOY:finc« 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 195: 

OOTOOTTTAT AAAATCTATC TACATAATCT CTAAAAOOTT CTTTAOOTCC CATTACOATA 60 

CAAACTTAAC OO 72 



< 2 ) INFORMATION FOR SBQ ID NO: 196: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 bne pin 
( B ) TYPE: mddc acid 
( C ) STRANDEDNESS: oagfe 
( D ) TOPOLOGY: fiatar 

( a i> SEQUENCE DESCRIPTION: SEQ ID NO: 196: 

AAACCACCTT TTAOAAAAOT ACAAATTAAT TOTAC 35 



( 2 ) INFORMATION FOR SBQ ID NO-.W7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 base pan 
< B ) TYPE: andoc and 
( C ) STftANDEDNBSS: sasjb 
{ D > TOPOLOGY: Bm 

( l i ) SEQUENCE DESCRIPTION: SEQ ID NO: 197: 

CTOCTTACOO AACOOTOOTT TTOC TCT ACT AATOTTACAA TO 42 



( 2 ) INFORMATION FOR SEQ ID NO: 19«: 

( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 63 hate pan 
(B ) TYPE: aockac aod 
( C ) STRANDEDNESS: single 
(D)T0K3LOOY:fiaear • 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:i9ft: 

CCACCOTTCC OTAAOCAOAT AATAAACATO TOOCAAOAAO TAGAAAAAOC TATOTATOCT 60 



T A A 
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( 2 ) INFORMATION FOR SEQ ID NO: 199: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 63 base pain 
( B )TYPE: mddc acid 
( C > STRANDEDNBSS: angle 
( D ) TOPOLOGY: fiaear 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO 199; 

TTAAOCATAC ATAOCTTTTT CTACTTCTTO CCACATOTTT ATTATCTOCT TACOOAACOO 60 

T GO « 3 

( 2 ) INFORMATION FOR SEQ ID NO30O: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 base pun 
( B ) TYPE: aockic acid 
( C ) STRANDEDNESS: aagfc 
( D ) TOPOLOGY: linear 

( I i > SEQUENCE DESCRIPTION: SEQ ID NO30O: 

TCATCAAAOC TTCTCOAOAA AAATTAAOCA TACATAOCTT TTTC 44 

( 2 > INFORMATION FOR SEQ ID NO^Ol: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 baw pan 
( B ) TYPE: aockk acid 
( C ) STRANDEDNBSS: siagfc 
{ D )TOKXXXFT:finear 

( * i ) SEQUENCE DESCRIPTION: SEQ ID NO201: 

ATCATCOAOC TCOCOOCCOC CTATCAAAAG TCTTAATOAO TT 42 

( 2 ) INFORMATION FOR SEQID NO302: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 73 bate paks 
( B ) TYPE: oockic acid 
( C ) STRANDEDNESS: noge 
( D ) TOPOLOGY: Bacar 

< x i ) SEQUENCE DESCRIPTION: SEQ ID NO202: 

OAATTCCTCO AOCTOCAOCC COOOTTTTTA TAOCTAATTA OTCATTTTTT COTAAGTAAO 60 

TATTTTTATT TAA 73 

< 2 ) INFORMATION FOR SEQ ID NO303: 

( ■ > SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 72 taw pahs 
( B ) TYPE: aockic acid 
( C ) STRANDEDNBSS: nagb 
(D)TOPOLOOY:fii»ar 

( x i ) SBQUENCE DESCRIPTION: SEQ ID NCO03: 

CCCOOOCTOC AGCTCGAGOA ATTCTTTTTA TTOATIAACT AGTCAAATOA OTATATATAA 60 

TTOAAAAAGT AA 7 2 

( 2 ) INFORMATION FOR SEQIDNOSD* 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 43 ba« paks 
( B > TYPE: eoclac acid 
( C ) STRANDEDNESS: tmgte 
( D ) TOPOLOGY: fiaear 
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( ft i ) SEQUENCE DeSCRDTION: SBQ ID NO204: 
OATOATOOTA CCTTCATAAA TACAAOT T TO ATTAAACTTA AOTTO 45 



( 2 ) INFORMATION FOR SBQ ID NO:205: 

( t ) SEQUENCE CHARACTERISTICS: 
( A )LENOm 21 bnepon 
( B )TYTE: mckic add 
( C > STRANDEDNBSS: stogie 
( D > TOPOLOGY: hoar 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO20S: 

TTAACOOATA TCOCOATAAT G 



What is claimed is: 

1. A recombinant attenuated ALVAC canarypox virus 
comprising an exogenous DNA segment encoding a ientivi- 
rus gene product 

2. The recombinant virus of claim 1 wherein the exog- 
enous DNA segment encodes a human immunodeficiency 
virus or simian immunodeficiency virus gene product 

3. The recombinant virus of claim 2 wherein the exog- 
enous DNA segment encodes a human inimunodeficiency 
virus gene product 

4. The recombinant virus of claim 2 wherein the exog- 
enous DNA segment encodes a simian immunodeficiency 
virus gene product 

5. The recombinajit virus of claim 1 wherein said exog- 
enous DNA segment further encodes a human T-helpcr 
rymphocyte epitope derived from tetanus toxoid fragment C 

6. The recombinant virus of claim 5 wherein said exog- 
enous DNA segment encodes a human imiminodeficiency 
virus or simian immunodeficiency virus gene product 

7. The recombinant virus of claim 6 wherein said exog- 
enous DNA segment encodes a human immunodeficiency 
virus gene product 

8. The recombinant virus of claim 6 wherein said exog- 
enous DNA segment encodes a simian iirimunodeficiency 
virus gene product 

9. A recombinant attenuated ALVAC canarypox virus 
selected from the group consisting of vCP95, vCPHZ 
vCPdX). vCP61. vCP125. vCP124. vCP126, vCP144. 
vCP!20, vCP138, vCP117* vCP130. vCP15Z vCP155. 
VCP156. vCP146. vCP148, vCP154, vCP168, vCP153. and 
VCP172. 
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10. The recombinant virus of claim 1 wherein the gene 
product is selected from the group consisting of: gpl60; 
gpl20; Gag and Pol; Gag. Pol and gpl20; Gag. Pol and 
gpl60; Gag. Pol and truncated Env, non-deavable gploXh 
gpl20 anchored with transmembrane; Gag. Pot and gpl20 
anchored with transmembrane; signal domain of Env and 
p24 fused toTl and V3 loop of Env; p24 fused toTl and V3 
loop of Env; Nef; V3 loop fused to 88 epitope; Tl, T2. and 
TH4.1 epitopes; Env signal domain. Tl. T2. and TH4.1 
epitopes; and. Gag. Pol protease and gpl20 anchored with a 
transmembrane sequence. 

11. An immunogenic composition comprising a recombi- 
nant attenuated canarypox virus as claimed in any one of 
claims 1 to If and an adjuvant 

12. A method for expressing a kntiviral gene product 
comprising infecting a suitable host cell with a recombinant 
attenuated canarypox virus as claimed in any one of claims 

i to ie. 

15. A method of inducing an immunological response to 
a lentivims gene product comprising administering a recom- 
binant attenuated canarypox virus as claimed in any one of 
claims 1 to It. 

14. A method of inducing an immunological response to 
a lentivims gene product comprising admimstcring an 
irnrnunogenic composition as nutm^t in claim 11. 

***** 
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[57] ABSTRACT 

A recombinant vaccine comprises a vaccine vector which 
incorporates a first nucleotide sequence capable of being 
expressed as all or a part of an antigenic polypeptide, 
together with a second nucleotide sequence capable of being 
expressed as all or a part of a lympbokine effective in 
enhancing the immune response to the antigenic polypep- 
tide. The vaccine vectors include poxvirus, herpes virus or 
adenovirus, and the lymphokine may be an interleukin, 
tumour necrosis factor or gamma-interferon. The vaccine 
vector may express an antigenic polypeptide which is for- 
eign to the host vector. 

3 Claims, 17 Drawing Sheets 
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RECOMBINANT VACCINE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of application 5 
Ser. No. 07/498,420 filed on Mar. 26, 1990, now abandoned; 
which is a continuation of application Ser. No. 07/203,060, 
filed on Jun. 1, 1988, now abandoned; which is a continu- 
ation application of international application Sen No. PCT/ 
AU87/0Q246, filed on Jul. 31, 1987. 10 

BACKGROUND TO THE INVENTION 

This invention concerns new vaccines developed using 
recombinant DNA technology to provide useful immune 15 
responses in circumstances where traditional vaccines may 
not be sufficiently effective. 

Many existing live or killed vaccines are not without 
disadvantages, often significant, in respect of, for example, 
high production costs, poor response, low response to poorly 20 
immunogenic antigens, instability and a requirement for 
adjuvants. Furthermore, alternative vaccine preparations 
based on agents such as purified proteins or synthetic 
peptide antigens frequently offer only poor protection. In 
response to these problems, attention has turned to the 25 
development of vaccines in which recombinant DNA meth- 
ods have been used to introduce antigens to which immunity 
is required, into carrier viruses such as vaccinia. 

The advantage of the recombinant DNA approach is that 
an infectious recombinant virus simultaneously synthesises 30 
the foreign polypeptide and viral antigen, which can then be 
delivered to a host immune system as a superficial skin 
lesion. Vaccinia viruses have, for example, been modified 
for expression of the genes for hepatitis B, human immu- 
nodeficiency virus, influenza and malaria antigens; the con- 35 
struction of recombinant viruses carrying other antigens of 
medical or veterinary importance is under investigation. 

In some instances, however, the immune response of 
recombinant vaccines may be of limited nature and magni- 
tude. Thus, while peripheral immunisation with vaccinia- 40 
influenza recombinants provides good protection against 
lower respiratory tract infection, it fails to induce immunity 
in the upper respiratory tract On the other hand, peripheral 
immunisation with recombinant vaccines may prove inef- 
fective when local rather than systemic immunity is 45 
required, as in say the gastro-intestinal tract. 

There have been various attempts to remedy these 
deficiencies, including expression of vaccine antigens 
through viruses having stronger promoters, such as 5Q 
poxvirus, but to date these have not met with significant 
success. The present invention provides an effective means 
for enhancing the immune response to the specific foreign 
antigenic polypeptides of recombinant vaccines. 

The immune system is regulated in part by molecules, 55 
known as lymphokines, which are released by lymphocytes 
and help or modify the functions of other classes of lym- 
phocytes. The present invention is based on a recognition 
that the expression of appropriate lymphokines from recom- 
binant bacterial or viral vaccines can boost and/or modify $0 
the immune response to viral, bacterial or co-expressed 
foreign antigenic polypeptides. 

SUMMARY OF THE INVENTION 

Accordingly, in its broadest aspect, this invention pro- 65 
vides a recombinant vaccine comprising a vaccine vector 
which incorporates a first nucleotide sequence capable of 
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being expressed as an antigenic polypeptide, together with a 
second nucleotide sequence capable of being expressed as 
all or an active part of a lymphokine effective in enhancing 
or modifying the immune response to the antigenic polypep- 
tide. 

In accordance with one embodiment of this invention, the 
first nucleotide sequence capable of being expressed as an 
antigenic polypeptide may be a "native" sequence of the 
host vector itself, for example vaccinia or herpes virus. In 
this embodiment, administration of the vaccine of this 
invention provides augmentation and/or selective induction 
of the immune response to the "native" antigenic polypep- 
tide. In other words, the inclusion of the lymphokine in the 
recombinant vaccine may substantially modify the immu- 
nogenicity of the host vector. Where the host vector is a virus 
such as vaccinia virus, the system offers the advantage that 
the lymphokine is continuously produced at the site of virus 
replication throughout the immune response, with the effect 
in some instances of dramatic modification of the pathoge- 
nicity of the vaccinia virus, and in other cases altering the 
immune response to the viral antigens. 

In another embodiment, the vaccine vector incorporates a 
nucleotide sequence capable of being expressed as an anti- 
genic polypeptide which is foreign or heterologous to the 
host vector. In this embodiment, administration of the vac- 
cine to an individual will result in augmentation and/or 
selective induction of the immune response of the individual 
to both antigenic polypeptide of the host vector and to 
co-expressed foreign or heterologous antigenic polypeptide. 
As discussed below, the co-expression of the lymphokine 
with the antigenic polypeptides) ensures that on adminis- 
tration of the vaccine the lymphokine and antigenic 
polypeptide(s) are delivered together at the same time and at 
the same site, giving an improved immune response to the 
antigenic polypeptides). 

In another aspect, the present invention provides a method 
for producing an immune response in a human or animal, in 
particular an immunodeficient or immunosuppressed human 
or animal, which comprises the step of administering to the 
human or animal a recombinant vaccine as broadly 
described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow chart which depicts the construction of 
vaccinia virus expressing IL-1. 

FIG. 2 is a flow chart which depicts construction of a 
vaccinia virus expressing IL-3. 

FIG. 3 is a flow chart which depicts construction of a 
vaccinia virus expressing HuIL-2. 

FIG. 4 is a flow chart which depicts construction of a 
vaccinia virus expressing IL-4. 

FIG. 5 is a flow chart which depicts construction of a 
vaccinia virus expressing; Hu INF. 

FIG. 6a depicts the genomic configuration of W recom- 
binants. 

FIG. 6b is a graph which shows the production of IL2 
production by W-HA Uninfected human 143B cells over 
a period of time. 

FIG. 7 shows the growth of vaccinia virus recombinants 
in the foot pads of athymic Swiss outbred nude mice and 
a thymic CBA/H mice. 

FIG. 8 is a flow chart which depicts the construction of 
human immunodeficiency virus IL-2 recombinant vaccinia 
virus in accordance with the present invention. 

FIG. 9 is a graph which shows the percent survival over 
a period of time for groups of Swiss outbred nude mice 
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which were inoculated with W-HA-IL2 at various doses 
and which were challenged after 30 days with 10 LD 50 of 
A/PR,8/34; and a control group which was not given any 
virus. 

FIG. 10 is a graph which shows the survival over a period 5 
of time of athymic Swiss outbred nude mice infected with 
W recombinants. 

FIG. 11 is a graph which shows the percent survival over 
a period of time of sublethally irradiated CBA/H euthymic 
mice infected with W recombinants. 10 

FIG. 12a shows the genomic configuration of W recom- 
binants. 

FIG. Mb is a graph which shows the expression of 
biologically active INF over a period of time by W-HA- 15 
TNF-infected cells. 

FIG. 13a is a graph which shows the percent survival over 
a period of time with respect to immunodeficient mice which 
have been inoculated with W-recombinants. 

FIGS. X5b~e are a group of graphs which show the growth 20 
kinetics of W recombinants as determined by samples 
taken from selected organs of mice which were injected with 
W-HA-TNF or W-HA-TK. 

FIG. 14 is a graph which shows that 12 hour supematants 
from W-HA-IL5-infected 143B cells stimulated BCLj to 25 
proliferate in a dose-dependent manner. 

FIG. 15 is a graph which shows the mean virus titre over 
a period of time after infection with W-HA-IL5 and 
W-HA-TK- 

. FIG. 16 is a graph which shows the number of specific 30 
antibody-secreting cells (ASC) as a function of time after 
intranasal inoculation with 10 7 plaque-fonning units of virus 
at day 0. 

It will be appreciated from the broad description set out 35 
above that the present invention has particular application in 
the augmentation of immune responses in immunodeficient 
or immunosuppressed individuals. In one particularly 
important aspect of this invention, there is provided a 
recombinant vaccine for use in the treatment or prophylaxis ^ 
of immunodeficient or immunosuppressed individuals 
infected with the human immunodeficiency virus (HIV), 
which comprises a vaccine vector which incorporates a 
nucleotide sequence capable of being expressed as an anti- 
genic polypeptide derived from the human immunodefi- ^ 
ciency virus (HIV), together with a second nucleotide 
sequence capable of being expressed as all or an active part 
a lymphokine effective in enhancing or modifying the 
immune response of the individual to the HTV antigenic 
polypeptide. 5Q 

The lympnokines which may be expressed in vaccines 
according to this invention include those designated 
interleukin-1 (IL-1), interleukin-2 (IL-2), interieukin-3 (IL- 
3), interleukin-4 (IL-4), interleukin-5 (IL-5), tumour necro- 
sis factor fTNF), and y-interferon (y-IFN). 55 

Interleukin-1 is a peptide hormone largely produced by 
activated macrophages. IL-1 modulates the proliferation, 
maturation and functional activation of a broad spectrum of 
cell types (1-3) and plays a major role in the initiation and 
amplification of immune and inflammatory responses go 
through its action on these diverse cell populations (4). The 
gene for murine (5) and human (6) IL-1 has been cloned and 
expressed in E.colL 

Interleukin-2 is a lymphokine produced by helper T cells 
and is active in controlling the magnitude and type of the 65 
immune response (7). Other functions have also been 
ascribed to IL-2 including the activation of NK cells (8) and 
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the stimulation of cell division in large granular lympho- 
cytes and B cells (9). Numerous studies in mice and humans 
have demonstrated that deficient immune responsiveness 
both in vivo and in vitro can be augmented by IL-2. For 
example, exogenous .IL-2 can restore the immune response 
in cyclophosphamide-induced immunosuppressed mice (10) 
and athymic (nude) mice (11). Furthermore, IL-2 can restore 
responsiveness of lymphocytes from patients with various 
immunodeficiency states such as leprosy and cancer (12). 
IL-2 has also been used for the treatment of cancer (13). The 
gene for murine (14) and human (15) IL-2 has been cloned 
and sequenced 

Interleukin-3 is a hormone-like glycoprotein produced by 
lectin or antigen activated T lymphocytes and possibly other 
cells within the bone marrow. The hormone stimulates the 
growth and differentiation of haematopoietic progenitor 
cells and multipotential stem cells and has been described 
under a variety of names, among them multi-colony stimu- 
lating factor, and haematopoietic growth factor (16). The 
gene for mouse IL-3 has been cloned and sequenced (17). 

Interleukin-4 is a T cell derived factor that acts as an 
induction factor on resting B cells, as a B cell differentiation 
factor and as a B cell growth factor (18). The factor also 
stimulates T cells and acts as a mast cell growth factor (18). 
The gene for murine (19) and human (20) IL-4 has been 
isolated and sequenced. 

Y-interferon is also a T cell derived molecule which has 
profound effects on the immune response. The molecule 
promotes the production of immunoglobulin by activated B 
cells stimulated with interleukin-2. y-interferon also 
increases the expression of histocompatibility antigens on 
cells which associate with viral antigens to stimulate cyto- 
toxic T cells. The gene for human y-interferon has been 
isolated and sequenced (21). 

Other lymphokines including interleukin-5 and tumour 
necrosis factor are also well known. Thus, interleukin-5 
(IL-5) stimulates the production of several immunoglobulin 
classes, however its major function may be to promote IgA 
synthesis, thereby playing a crucial role in regulating 
mucosal immune responses. The mechanism by which IL-5 
acts is unclear, although in vitro data indicate that it pro- 
motes terminal B cell differentiation. 

The co-expression of a lymphokine such as IL-2 and an 
antigenic polypeptide by a recombinant vaccine (such as a 
recombinant vims vaccine) ensures that they are produced 
together by the same infected cells in a very localised area. 
This can be expected to lead to an elevation and acceleration 
of response to the virus vector component of the vaccine, 
e.g. vaccinia virus, with attendant benefits such as a reduc- 
tion in the risks of complication associated with the use of 
vaccinia virus in normal individuals, and to those unidenti- 
fiable individuals who react adversely to vaccinia virus. 
Also, where there are immunological defects, as in the case 
of patients suffering from AIDS, leprosy or cytomegalovirus 
infection, co-expression of lymphokine could be instrumen- 
tal in overcoming the defects to allow a normal response to 
the antigenic polypeptide and/or vector virus. 

Furthermore, it is anticipated that the present invention 
will prevent or at least minimis e the complications such as 
generalised vaccinia that can occur when vaccine is admin- 
istered inadvertently to immunodeficient recipients (32). 

Further, cancer patients often show a negligible or poor 
immunological response to the cancer antigens. It may be 
possible to enhance those responses to useful levels by 
taking cancer cells from the hosts, infecting them with, say, 
vaccinia virus/IL-2 recombinants, and returning them to the 
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patient To guard against generalised vaccinia infection or tioned herein, but may find application in a wide range of 

spread of the cancer cells it may, of course, be advisable to animal species. 

inactivate the recombinant-infected cancer cells prior to Methods for construction and testing of recombinant 

return to the patient vaccines according to this invention will be well known to 

Other lymphokines (e.g. IL-1, IL-3, IL-4, IL-5, TNF and 5 those skilled in the art, however, for better understanding of 
Y-IFN), are involved in the control and augmentation of the invention some typical techniques will now be 

responses in other parts of the immune system including described. Standard procedures for endonuclease digestion, 

granulocyte-macrophage lineage, eosinophil differentiation ligation and electrophoresis were carried out in accordance 

and mucosal immuni ty. Construction of co-expressive vac- with the manufacturer's or supplier's instructions. Standard 

cines will enable advantage to be taken of these specific 10 techniques are not described in detail and will be well 

modes of activity. Thus, as they are believed to have a role understood by persons skilled in the art. 

in the generation of protective responses at mucosal EXAMPLE 1 
surfaces, such as in the gut, which promote expulsion of and 

immunity to parasites, a vaccine co-expressing IL-3 (or Plasmids containing IL-1, IL-2, IL-3, IL-4 and 

other lymphokinel with a helminth or other parasite anti- 15 y-interferon are shown in FIGS. 1-5. Plasmids pmlL-1 

genie polypeptide would be expected to give rise to 1.270, pcD-IL-3, pcD-HulL-2, pcD-IL-4 and pcD-HuylNF 

enhanced immunity compared to that from the parasite were obtained from DNAX Research Institute. The excised 

antigen alone. coding sequence is shown as the hatched bar. It is necessary 

Whilst a specific example of co-expression of the influ- to different restriction endonucleases to create suitable 

enza hemagglutinin (HA) is described in detail herein, it 20 termini for insertion into plasmid; these are detailed in the 

will be appreciated that the present invention may be applied respective diagrams. pBCB07 (25,38) contains the vaccinia 

for the co-expression of other foreign or heterologous anti- 7 - 5K promoter, FFB-X (27) contains the HSV TK coding 

gens including hepatitis virus, herpes simplex virus, Epstein- sequence (stippled) inserted at a BamHl site downstream 

Barr virus and human immunodeficiency virus (HIV) from a promoter in the vaccinia Hindlll region. The recom- 

antigens, as well as malaria antigens. Prior work has dem- 25 binant plasmids pFB-X/ILl, pFB-X/IL2, pFB-X/IL3, pFB- 

onstrated that protection may be obtained against influenza X/IL4, pRB-X/y-interferon contain HSV-TK and lymphok- 

virus following immunization with a recombinant vaccinia me S enes 3 ' to different vaccinia virus promoters and with 

virus that expresses influenza haemagglutinin (34,35). How- flanking sequences derived from the Hincffll F fragment of 

ever this prior work does not teach or suggest the vaccinia virus. The orientations of genes and promoters are 

co-expression of the haemagghitinin and a lymphokine in 30 shown with arrows, vaccinia virus sequences with solid lines 

the same recombinant vaccinia virus, or the advantages ^ plasmid DNA by thin lines. The pFB- plasmids with 

arising from such co-expression as disclosed herein. inserted lymphokine genes are used to transfect 143B (TK") 

As previously described, vaccinia virus has been used as ^ P^usly infected with a TK" vaccinia virus accord- 

a vaccine vector to deliver antigens of unrelated infectious „ m S to mn ^°™, UT^T^ L d ^ cribed J 24 )' ™" Slte ° f 

agents such as hepatitis B virus (22) and human immuno- insertion of HSV TK and lymphokine coding sequences and 

deficiency virus (23). The expression of an inserted gene in t^sposed vaccinia promoters in the vaccinia virus genome 

vaccinia virus requires that the gene be placed next to a ™ shown ^ HG 6 Vaccima-virus WR strain Hindlll 

vaccinia promoter. Ihe promoter usually used is designated ^taction fragments are shown m the top line. Lower lines 

p7.5 (22). This chimeric gene is then placed next to a DNA An s ^° w r m ^JJP^J^f?™ configurations at insertion 

fragment of vaccinia virus taken from a nonessential region 40 Sltes in the Hindlll J and F fragments. Orientations of coding 

of the virus. Insertion into infectious virus is by homologous sequ^ and promoter sequences are shown with arrows, 

recombination in which a marker rescue is used to select for EXAMPLE 2 

vims recombinants. By way of example, the marker rescue ™_. , , L . _ 

, ... i r *i • j • f • /r™-_v This example describes the construction of a recombinant 

can be either selecnon for thymidine fan.se negate (TK ) 4J vaccink ^ (w) expressing murine IL2 and the effect of 

virus in which the foreign gene has been inserted and , u i • • * * • 

*u . • ^ , u . . . c the lymphokine on virus growth and immunogemcity. 

thereby inactivating the TK gene; or by selecting for TK pj G ^ shows* 

virus in which Iheforeign gene is flanked by the herpes (a) Genomic configuration of W recombinants. A Hindlll 

simpkx TK gene. The latter is generally used to construct m ^ of w w ^ ^ ^ 

double recombinants that is, viruses expressing two foreign en ^ i>t m\ An ut/d\ • 4 . T j rj r 

* & 60 50 EcoRI (E) and BamHI (B) sites m the J and F fragments 

genes, respectively. Arrows indicate orientations of W TK gene, 

The expression of lymphokine genes in vaccinia virus w promoters and inserted influenza HA, HSV TK and 

may be detailed as two stages; the first is to create a plasmid murme IL2 coding sequences. 

in which the lymphokine is under the control of a vaccinia (b) rime course of IL2 production by W-HA IL2- 

promoter 75 and downstream from a roymidine kinase 55 infected human 143B cells. IL2 activity in W-HA-IL2- 

(HSV) gene. This plasmid is then used te ^ cells mfected supernatants, circles and sohd line; W-HA or 

previously infected with a TK" vaccinia virus expressing uninfected cell supernatants, crosses and dotted line, 

another foreign gene. TK + recombinant virus is then selected HG. 7 shows the growth of vaccinia vims recombinants 

by cultunng cells m the presence of methotrexate. m the foot pads of athymic Swiss outbred nude mice (a) and 

Although this invention has primarily been described with athymic CBA/H mice (b). 2xl0 7 PFU of W-HA (triangles), 

reference to vaccinia virus as the vaccine vector, it is to be W-HA-TK (open circles) or W-HA-IL2 (closed circles) 

understood that the inventive concept resides in were injected subcutaneously in 20 /d into hind foot pads 

co-expression of an antigenic polypeptide and lymphokine, which were assayed for infectious virus on 143B cells on the 

and this concept may be realised using other vaccine vectors, indicated days. Points represent the litres of infectious virus 

such as other poxvirus, herpes virus, adenovirus or bacteria. $5 present in individual mice. 

It is also to be understood that the invention is not limited As shown schematically in FIG. 6a, cDNA encoding 

by application to man or other species specifically men- murine IL2 (14) was inserted into the Hindlll F region of a 





Soleen Cell Number 




W-IL-3 


NIL 


4 days 


3 x 10 7 


5 x 10 6 


7 days 


2 x 10 s 


2x 10 6 


10 days 


1 x 10 8 


3 x 10* 





Deaths 




Irradiation Dose 


W-IL-3 


NIL 


950 Rads 


0/6 


6/6 
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W recombinant, W-HA(26), which already expressed the EXAMPLE 3 

influenza haemagglutinin (HA). The IL2 recombinant virus, .... „ ^ . 

W-HA-IL2, coexpressed HA and IL2 using the same W * vatx ^' a T" 5 e f ess,Q g was constructed as 

_ - „, . . r 4 « •* • *l • i shown in FIG. 2, using the methods described in Example 1. 

75 Kd promoter but from separate sites in the viral genome. 

Since the herpes simplex virus (HSV) thymidine kinase 5 Irradiated mice (650 Rads) injected with vaccinia vims 
(TK) gene was used as a selectable marker for vims con- (10TFU intravenously) expressing IL-3 (W-IL-3) show a 
struction a control virus W-HA-TK, expressing HSV TK ^tituted haematopoietic system within seven days, 
but not 112 was constructed. Significant levels of biologi- S P leen ^ 316 ^ ven 

cally active H2 were detected in supematants from human 
143B cells infected with W-HA-IL2 within 4 hours and 10 
reached maximum activity around 12 hours (FIG. 6b). 

Athymic nude mice were inoculated into the right hind 
footpad with W-HA-IL2 or control virus (W-HA-TK). 
W-HA-IL2 induced a mild swelling in the foot which 15 
resolved after several days; in contrast W-HA-TK produced 
a severe necrotic lesion that remained unresolved for 30 
days. After this time, high titres of vims (6x10 s - 1.5x In addition, the injection of vaccinia virus expressing IL-3 
10 7 PFU) were recovered from the feet of the W-HA-TK (W-IL-3) protects mice against the lethal effects of 
inoculated mice but not from mice given W-HA-IL2. This 20 irradiation, as follows: 
suggested that the IL2 produced by the recombinant virus 
enabled immunodeficient mice to control the virus infection. 
The kinetics of viral clearance from the feet of CBA/H mice 
were not significantly different for W-HA-TK and W-HA- 
IL2 (FIG. 7a). However, in nude mice, although titres of 25 
both W-HA-TK and W-HA-IL2 were high at day 3, 
indicating comparable rates of replication, W-HA-IL2 was 
cleared by day 15 when no virus was detected in the feet. 

Titres of W-HA-TK still remained high at day 15 (FIG. lb). ^ EXAMPLE 4 

Furthermore, when nude mice were injected intravenously ^ e le describes the construction of a recombinant 
(i.v.) with 10 6 PFU of W-HA-IL2 or W-HA-TK, mice adenovirus expressing interleukin genes, 
eiven W-HA-IL2 appeared unaffected by the virus whereas . . 

i, . . , n „ IA w t , , , AC The starting virus for the adenovirus construct is aden- 

all mice given W-HA-TK were moribund by day 15. . ^ - & , , . , , t . , t , u «. 

_ .... . . „ , ovirus type 5 deletion mutant dl 327 that lacks the Xba 

Consistent with this result infectious virus was recovered « - . V_ - 0 ~ . OA - . , 

mr , * fragment from 78-5 map units to 84.7 map units in early 

from spleens and lungs of W-HA-TK- but not W-HA-HJ>- region 3 (31) ^ deIetion mutant ^ ov/s the of 

infected mice (Table 1). DNA without exceeding the amount of DNA that can be 

included in the virus particle. The removal of the E3 region 

. TABLE 1 also prevents production of a vims protein that complexes 

40 with the major histocompatibility heavy chain protein and 
reduces the cell-mediated immune response to the virus. The 
Bam fragment from 60 map units to the right hand end of the 
viral DNA is cloned in plasmid. The plasmid DNA is cut 
downstream of the E3 promoter with a suitable restriction 
45 enzyme and the interleukin gene inserted in place of the 
original E3 gene, under the control of the natural E3 
promoter. The resulting plasmid containing the interleukin 

Lungs and spleens were collected from 3^ mice/group 11 days post Lv. gene in the 60 to 100 map unit fragment of dl 327 is cut with 

inoculation with 10 s pfu of the indicated vims. the appropriate restriction enzyme to separate viral and 

50 plasmid DNA and transfected into cells together with the 

Methods overlapping EcoRl A fragment (0 to 76 map units) of wild 

(a) Murine IL-2 cDNA was subcloned from pcD-IL-2, type virus. Recombination between the two overlapping 
(14) generously provided by Dr K. I. Arai, DNAX Research DNA fragments will reconstitute viable adenovirus in which 
Institute, Palo Alto, Calif. W-HA-IL2 and W-HA-TK were the E3 gene is replaced by the interleukin gene, 
constructed by insertion of the HSV TK gene phis a chimeric 55 

promoter-IL2 fragment or alone, into the Hindlll F region of EXAMPLE 5 

SL™ binailt ^-^^^y^^f ™ V'?™: FIG. 8 outlines the construction of human immunodefi- 

HA6) (26) using plasmids as described m Example 1 and . dency virus IL-2 recombinant vaccinia virus in accordance 

appropriate selection protocols (27, 28). w ^ the present mve ntion. pFB-X/IL-2 is constructed as 

(b) 143B cells 2xl0 6 were infected with W-HA-IL2 at 5 shown using the methods described in Example 1. The 
PFU/cell. The supematants (1.5 ml), harvested at the time construction of pTG1125 is as previously described (33). As 
points indicated, were assayed for IL2 activity using shown in FIG. 8, plasmid pTG 1125 is transfected into the 
CTLL-2 cells (29) and the calorimetric method for cell vaccinia TK gene to give recombinant vaccinia virus 
growth of Mosmann (30). The results are presented as the 65 W-HTV, and the plasmid pFB-X/IL-2 is then transfected 
log dilution of supemate producing 50% of maximum into W-HJV to give the desired recombinant vaccinia virus 
proliferation in the cell cultures. in accordance with this invention. 
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EXAMPLE 6 



(a) This example demonstrates protection from influenza 
virus A/PR/8/34 in nude mice recovered from infection with 
W-HA-IL2. 5 

Groups of 10 Swiss outbred nude mice were inoculated 
intravenously with W-HA-IL2 (see Example 2) at various 
doses and a control group was not given any virus. After 30 
days, all mice were challenged with 10LD SO of A/PR/8/34 
intranasally and mortality recorded. The results are shown in io 
FIG. 9, and show that nude mice that are immunised with 
W-HA-1L2 survive the vaccination and develop an immune 
response that confers some protection against a challenge 
with influenza virus. 

(b) The following Table sets out results demonstrating that 15 
W-HA-IL2 also offers better survival from immunisation 
with a recombinant vaccinia virus, as compared to W-HA- 
TK which does not express IL2, in another model of 
immunodeficiency, sublethally irradiated (700R) mice: 

20 



Mortality and mean time to death in sublethally irradiated 
mice after intranasal inoculation. 



% Survival* 



MTDf 3 



Experiment 


W-HA-TK 


W-HA-IL2 


W-HA-TK 


W-HA-IL2 


25 


1 


0 


88 


31.0 


13.0 




2 


0 


100 


11.4 






3 C 


0 


43 


10.0 


215 




4 


0 


57 


11.2 


14.0 


30 


5 


0 


70 


10.6 


153 





a) Mice were inoculated in. with 10 7 pfu virus within 1 hour of irradiation and 
were monitored for 21 days or until all animals were dead or had recovered. 

b) Mean time to death. 

c) BALB/c mice; CBA/H mice were used in the other experiments. 

(c) The following Table sets out results showing that in 
sublethally irradiated CBA/H mice, immunisation with 
W-HA-IL2 confers some protection against a subsequent 
challenge with A/PR/8/34 influenza virus (see Experiment 
1). When the dose of vaccinia virus used for immunisation 
was lowered to allow mice to survive immunisation with 
viruses that did not express IL2, it can be seen that W-HA- 
IL2 does not confer better protection against influenza virus 
than W-HA-TK (see Experiment 2) indicating that IL2 is 
not increasing the protective immunity, but is allowing the 
immunodeficient mice to survive a full dose of the vaccine 
and the surviving mice do have protective immunity. Experi- 
ment 3, again with a lower dose of virus, demonstrates that 
the recombinant viruses do provide protective immuni ty 
against subsequent challenge with vaccinia virus. 



Protective immunity in W-HA-EL2-recovered, 
sublethally irradiated mice. 



Immunizing Virus* Challenge Virus 1 * 
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Experiment 1 

10 7 pfu W-HA-IL2 
NIL 

10 7 pfu W-HA-IL2 
NIL 

t2 



10 s pfu W-HA-IL2 
10 5 pfu W-HA-TK 



100 LDso A/PR/8/34 


71 
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100 LDso A/PR/8/34 
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++ 


10 LDjo A/PR/8/34 


86 
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10 LDso A/PR/8/34 
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++ 


10 LDjo A/PR/8/34 


80 


9.0 
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10 LD-so A/PR/8/34 


80 


9.5 
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10 LDjo A/PR/8/34 


22 


9J0 


++ 
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-continued 



Protective immunity in W-HA-IL2-recovered, 
sublethallv irradiated mice. 


Mor- 
bidity 


Imrniim'zing Virus* 


Challenge Virus** 
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Survival MTD 0 


Experiment 3 




p 




10 s pfu W-HA-IL2 


10 8 pfu W-WR 


100 — 


+/- 


10 s pfu W-HA-TK 


10 8 pfu W-WR 


100 — 


+/- 


NIL 


10 8 pfu W-WR 


10 8.7 


++ 



'^Groups of 7-10 sublethally irradiated mice were immunized in. with the 
indicated virus. 

b> Mice were challioged with A/PR/8/34 (in.) or W-WR (iv.) 3 weeks after 

immunization. 

c ^Mean time to death. 



EXAMPLE 7 

This example demonstrates that IL2 expressed from a 
separate virus that infects the same site, but not necessarily 
the same cell, does not clear virus as efficiently as when all 
virus expresses IL2. That is, it is important that the IL2 is 
co-expressed by the virus so that it can be most efficiently 
delivered. 

CBA/H mice were inoculated into a hind footpad with 10 7 
pfu W-HA-IL2 or 10 6 pfu W-HA-TK or a mixture of the 
two viruses. Feet were removed 15 days later and assayed 
for virus. The results are shown in the following Table: 



35 



40 



45 



50 



VIRUS 


CLEARED TOTAL/(%) 


W-IIA-1L2 + W-HA-TK 


2/13 (15.4) 


W-HA-IL2 


10/18 (55.6) 


W-HA-TK 


1/14(7.1) 



EXAMPLE 8 

This example demonstrates the augmentation of vaccinia 
virus-specific IgAby IL5, and shows that IL5 increases the 
secondary IgA levels of antibody that are specific for vac- 
cinia virus. The increase in total antibody probably reflects 
the increase in IgA and other data indicate that other classes 
of antibody are not increased by IL5. 

Antibody was assayed by ELISA, using whole vaccinia 
virus as the antigen. A serum containing vaccinia-specific 
antibody was used to construct a standard curve with the 
vaccinia-specific antibody titre expressed as arbitrary units. 

CBA/H mice were inoculated intravenously with 10 7 pfu 
vaccinia virus and bled 14 days later for primary antibody. 
On day 28 after primary inoculation, the mice were 
re-inoculated with the same dose of virus and were bled 7 
days later for assay of secondary antibody. In the following 
table, mean titres of groups of 5 mice are shown with the 
range of values in brackets. 



vmus 



IgA 



TOTAL ANTIBODY 



Primary 



65 



W-IL5 
W-HA 



(<125-1447) 

309 
(<1 25-1200) 



1255 
(733-1846) 

522 
(469-S56) 
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-continued described (40). Induction of MHC antigens was tested on 

BALB/c mouse embryo fibroblasts (MEF) (41) and a murine 



virus igA total ANTIBODY myeloid tumour cell line WEHI-3B (42) using flow cytom- 

SccondaTy etry (FACS IV; Becton Dickinson). For MEF, 1 ml of each 

' 5 supernatant was added into 1x10 cells/3 ml medium, and 

W-IL5 31,550 56,436 for WEHI-3B, 2 ml of supernatant was added into 05xl0 6 

(6,500-100,000) (18,350-95^38) cells/2 ml medium (both subconfluent on 5 cm petridishes). 

w-HA 5455 40,254 Recombinant murine IFN-y (rIFN-y), provided by Boe- 

( 80Q ~ 11 * 40Q ) (10,825-98,039) hringer Ingelheim (Vienna, Austria), was used as a positive 

1Q control. The cells were labelled as previously described 

W-HA has been described previously (26). VV-IL5 was (41,^Monodonal antibody against (HB-79) and 

constructed from plasmid pEDFM-5 (obtained from Dr. I. ! » * (HB-3) were obtained from American Type Culture 

Young, John Curtin School of Medical Research, Australian Collection. 

National University) containing the murine IL-5 sequence °" _»-,*, , , 

(45). The plasmid was cut with HinPI at sites 24 and 650 of 15 u < H : 2 ^ B ^ (H '*? w 

the gene and cloned into the Acc I site of pBCB07 (25,38). bred nude mice were bred at the John Curun School of 

The EcoRl fragment with the P 7.5 promoter was then cloned Medical Research Australian National Umversity, under 

into the EcoRl site of pFBX. pFBX-IL-5 was then marker pathogen-free conditions. 

rescued into W-PR8-HA6 to make W-IL5. RESULTS 

20 a. Bioassay of W-expressed murine I FN. 

EXAMPLE 9 Tissue culture supernatants, harvested 12-14 h after infec- 

This example demonstrates that by inclusion of the gene tion of human 143B cells with W (5 pfu/cell), were tested 

for murine IFN-y in a recombinant vaccinia virus (VW), for their ability to induce MHC class I and class II antigens 

marked attenuation and reduction in pathogenicity can be on MEF and WEHI-3B cells, respectively. After 48 h of 

achieved. W infection is usually lethal in immunodeficient 25 incubation, W-^JFN-y-TK supernatant caused a clear 

animals, however it has been found that both athymic nude increase in MHC expression on MEF, whereas W-FB-TK 

mice and sublethally irradiated euthymic mice could resolve and W-huIFN-y-TK supernatant treated cells expressed the 

an infection with W expressing IFN-y. same levels of MHC as those without any treatment. For 

FIG. 10 shows the survival of athymic Swiss outbred nude WEHI-3B, untreated control cells showed two peaks, one of 

mice infected with W recombinants (7 mice per group). 30 which disappeared with rIFN-y, W-/iIFN-y-TK and 

FIG. U shows the survival of sublethally irradiated CBA/H W-^IL2-IFN-y supernatant treatments, indicating induction 

euthymic mice infected with W recombinants (W-FB-TK, of MHC class U antigens. Again, WV-FB-TK and W-hu- 

W-muIFN-y-TK: 7 mice per group; W-huIFN-yTK: 6 IFN-y-TK supernatant treated cells were identical with the 

mice per group; uninfected: 5 mice per group). control treated cell population. Thus, the IFN-y secreted by 

MATERIALS AND METHODS 35 WV^IFN-y-TK and /JL2-IFN-y infected cells was biologi- 

a. Construction of W/JFN-y-TK and VV-/JL2-IFN-y. cally active on murine but not on human 143B cells, where 
Hie murine IFN-y (pIFN-y) cDNA clone (36), in the pcD class I expression could be induced with human rIFN-y or 

expression vector, was kindly provided by DNAX Research W-huI FN-y-TK supernatant (data not shown). 

Institute, Palo Alto, Calif., USA. The whole coding sequence b. Infection of immunodeficient athymic nude mice and 

between nucleotide positions 1 and 870 was cut out using 40 sublethally irradiated euthymic mice with recombinant vac- 

Sau 3A and Rsa I and ligated into the Bam HI and Hinc II , cinia viruses. 

sites of the pBCB07 vaccinia expression vector (25,38). This 9-week old athymic nude mice were injected i.v. with 

plasmid was further digested with Eco RI and the fragment 5xl0 6 pfu of W recombinants and their survival monitored 

containing the P7.5 vaccinia promoter and the /dFN-y cDNA daily (FIG. 10). The mean survival of mice injected with 

coding sequence between positions I and 706 was then 45 control virus (W-FB-TK) was 8.4 days, whereas all 

ligated into the Eco RI site of pFB-TK (27). The recombi- W-^IFN-y-TK, W-/JL2-IFN-y and W-HA-H2 infected 

nant plasmid could then be used in a marker rescue with a mice survived infection and lived for several months. For 

W-WR-TK" mutant (originated from Dr. B. Moss, NIH, W-huI FN-y-TK, one mouse recovered from infection and 

Bethesda, Md., USA) and with W-IL2, a thymidine kinase the mean survival for the rest was 21.7 days. 

(TK) negative recombinant (39), which contains the IL2- 50 9-week old CBA/H euthymic mice were given a sublethal 

expressing gene in the J region of the vaccinia strain dose (650R) of gamma irradiation and then injected i.v. with 

W-WR, interrupting the W-TK gene. Subsequent plaque each of the recombinant W (107 pfu). Again, all W-FB- 

purification under methotrexate selection (27) produced two TK and all except one W-huIFN-yTK infected mice died 

recombinant viruses, W-^I FN-y-TK and W-/JL2-IFN-y, early after infection (mean survival 7.7 days and 11.2 days 

both of which contained the /JFN-y gene and the herpes 55 respectively). Only one W-/JFN-y-TK infected and one 

simplex virus (TK) gene in the F region of vaccinia. In uninfected control mouse died, but the rest survived for the 

subsequent immunological assays the recombinant virus several weeks of the experiment (FIG. 11). 

W-FB-TK (27), was used as a control together with c. Recombinant virus growth in mouse organs. 

W-HA-IL2 (see Example 2). In some assays another con- 7-week old female CBA/H mice were injected i.v. with 

trol virus, VV-huI FN-y-TK, containing the human IFN-y 60 10 7 pfu of W recombinants. Groups of four mice were 

gene, was included The cloning of this CDNA into the killed daily and their ovaries collected for virus titration. 

pBCB07 vector was carried out as previously described (40) Ovaries were chosen for analysis because it has previously 

and the virus was constructed through pFB-TK cloning in been shown that they are a very sensitive indication of 

the same way as W-/d FN-y-TK. attenuated virus growth. W-FB-TK grew to very high titres 

b. Bioassay for murine IFN-yand flow cytometry. 65 in the ovaries reaching titres of 10 8 " 2 by day 3; however, by 
Tissue culture supernatants (2.5 ml) of W-infected day 10 almost all the virus was cleared. W-huIFN-y also 

human 143B cells (2xl0 6 were treated as previously grew to high titres but was cleared slightly faster than 
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W-FB-TK. In contrast, the peak virus titre reached with 
W-/JFN-Y-TK and W-/JL2-IFN-Y was 10 4 " 8 and 10 2 - 8 , 
respectively, on day 2, and by day 4 the mice had completely 
resolved the infection. 

EXAMPLE 10 

Tnis example demonstrates the construction of a recom- 
binant vaccinia virus which encodes the gene for murine 
tumour necrosis factor (TNF) -a, and shows that the loca- 
lised production of TNF-a during a viral infection leads to 
the rapid and efficient clearance of the recombinant virus in 
normal mice and attenuates the otherwise lethal pathogenic- 
ity of the virus in immunodeficient animals. 
FIG. 12 shows: 

(a) Genomic configuration of W recombinants. A Hindlll 
map of W strain WR (W-WR) is shown with inser- 
tion points at the BamHI (B) and EcoRI (E) sites in the 
F and J regions respectively. Arrows indicate orienta- 
tions of W thymidine kinase gene (wTK), W pro- 
moters (P7.5 and PF) and inserted genes. W-PR8-HA6 
(described previously as W-HA), a L929 cell line 
adapted strain of W-WR containing the haemagghiti- 
nin gene of influenza virus, A/PR/8/34 in the J region, 
was used to construct the recombinant viruses used in 
this study. The recombinant virus W-HA-TNF con- 
tains within the F region the whole CDNA coding 
sequence including signal peptide for murine TNF-a 
(CDNA supplied by Prof. W. Fiers, State University of 
Ghent, Belgium) under the control of the W IS kDa 
promoter, p75 (provided by Dr. B .Moss, NIH), along 
with the thymidine kinase gene of herpes simplex 
(HSV-TK) which was used as a selectable marker. The 
control virus, W-HA-TK (described previously), simi- 
larly contains the HSV-TK gene but not TNF-a cDNA 
in the F region. 

(b) Assay for expression of biologically active TNF by 
W-HA-TNF-infected cells. Confluent monolayers of 
the human osteosarcoma cell line, 143B were infected 
with the W recombinants at 5 pfu/cell in 6 well 
multidishes. At the indicated time points, the superna- 40 
tants from duplicate wells were harvested, filtered 
through 02 fun filters twice and frozen. Samples were 
assayed using the TNF-sensitive fibrosarcoma cell line 
WEHI164 treated with 2 /ig/ml of Actinomycin D, and 

a colorimetric method to quantify cell death using the 45 
tetrazolium salt, MTT. TNF units were calculated from 
a standard curve generated with serially diluted recom- 
binant human TNF-a (Chiron, USA, specific activity- 
5xl0 7 Units/mg). 
FIG. 13 shows the attenuation of the W-HA-TNF in vivo: 

(a) Survival study of immunodeficient mice inoculated 
with W-recombinants. Groups of 9 week old Swiss 
outbred nude and 8 week old sublethally (S/L) irradi- 
ated mice were inoculated intravenously (i.v.) with the 
recombinant viruses at a dose of 5xl0 6 pfu and lxlO 7 55 
pfu respectively. Mortality of W-HA-TK infected 

nude ( — • — ) and S/L irradiated ( • ) mice 

and the survival of W-HA-TNF infected nude, 
W-HA-TNF infected S/L irradiated and uninfected 
control mice ( — O — ) are shown. 60 

(b) , Growth kinetics of the W recombinants in normal 
mice. Groups of 9-week old female CBA/H mice were 
injected i.v. with a non-lethal dose, 10 7 pfu, of either 
W-HA-TNF or W-HA-TK. On the indicated days, 
selected organs were collected for titration of virus on 65 
143B cell monolayers. Error bars indicate standard 
errors of the mean titre for groups of 4 mice. 



10 



15 



20 



25 



30 



35 



50 



The recombinant viruses (W-HA-TNF and W-HA-TK) 
used in this study were constructed using W vectors 
and homologous recombination and selection methods 
as described previously (43) (FIG. 12a). High levels of 
TNF were detected in vitro following infection of 143B 
cell monolayexs with the W-HA-TNF virus (FIG. 
126), indicating effective vector-directed expression 
and secretion of biologically active TNF as measured 
by a cytotoxicity assay (44). 

In order to compare the in vitro replicative efficacy of 
W-HA-TNF to that of the control virus, W-HA-TK, 
a single-step growth experiment (multiplicity of infec- 
tion (MOI)=5 pfu/cell) was performed. Under these 
conditions, growth profiles for both recombinant 
viruses were similar in either CV-1 (simian) or L929 
(murine) cell lines (data not shown). This indicates that 
the ability of W-HA-TNF to replicate in vitro at high 
MOI, is not altered by insertion of the TNF gene or by 
the expression of TNF. To test the sensitivity of W to 
the antiviral effects of TNF, the cell lines, L929, 143B, 
293, HeLa and primary rat embryo fibroblasts were 
pre treated with 0.1-400 ng/ml recombinant murine 
TNF-a (Genentech, specific activity«1.2xl0 7 Units/ 
mg, supplied by Boehringer Ingelheim) or human 
TNF-a (Asahi, specific activity=2.2xl0 6 Units/mg) for 
24 h and then infected with W-WR (wild type). When 
the virus yield was measured 24 h later, only L929 cells 
showed reduced virus growth (up to 1.5 log) in the 
presence of TNF. Some toxicity towards the L929 cells 
was noted, however, at the concentration of TNF 
required to inhibit virus replication. 

In contrast to these in vitro results, which suggest that W 
is not highly susceptible to the antiviral effects of TNF, 
expression of TNF markedly attenuated the growth of 
W-HA-TNF in vivo (FIG. 13). Two models of immu- 
nodeficiency were used: athymic Swiss outbred nude 
mice and euthymic CBA/H mice rendered immunode- 
ficient by a sublethal dose of ^-irradiation (650R) 
administered 24 h prior to infection. Both the nude and 
irradiated mice infected with the control virus, W-HA- 
TK, died from a disseminated vaccinia! disease, with a 
mean survival time of approximately 10 days (FIG. 
13a). In contrast, when infected with W-HA-TNF, both 
groups of mice survived and remained as healthy as the 
uninfected controls, indicating that TNF expression had 
reduced the pathogenicity of W in these mice (FIG. 
13a). 

The attenuating effect of TNF expression on virus growth 
was also seen in normal mice (FIG. 136). Neither 
W-HA-TNF, nor its control, W-HA-TK, produced 
morbidity or mortality at the doses used. However, 
W-HA-TNF was recovered from various organs at 
significantly reduced titres and the virus cleared more 
rapidly as compared to W-HA-TK (FIG. 13b). The 
difference in growth between the two viruses was 
evident by 24 h post-infection (p.i.) (FIG. 13*) and 
even earlier in some cases (data not shown). Growth in 
the ovaries provided one of the most prominent indi- 
cators of virus attenuation. W-HA-TK grew to very 
high titres, reaching 10 8,1 pfu per pair of ovaries by day 
3, and was cleared only by day 10, whereas W-HA- 
TNF reached a mean peak titre of 10 3 " 5 pfu per pair of 
ovaries and was cleared 3-5 days p.i. Histological 
examination of the ovaries from mice infected with 
W-HA-TK revealed extensive damage to the stromal 
tissue and follicles, whereas those from W-HA-TNF 
infected mice appeared normal (data not shown). 
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EXAMPLE 11 

This example compares the effect of administration of 
exogenous recombinant IL-2 or recombinant IFN-y on the 
growth of vaccinia virus with the effects of co-expressed 
11^2 (W-HA-IL2). 

Groups of 3 to 5 outbred nude mice infected i.v. with 10 7 
pfu W-HA-TK were given 600U of rIL-2 or rIFN-? i.p. 
every 8 h for a period of 5 days. Morbidity and mortality in 
these groups and others given virus alone or the recombinant 1Q 
cytokines alone was assessed. No morbidity or mortality 
was recorded in groups of mice given only rIL-2 or rlFN-y. 
All mice given W-HA-IL2 alone survived with no overt 
disease. Nude mice infected with W-HA-TK alone showed 
signs of disease by 6 days p.i. and all mice died with a MTD 15 
of 12.2 days. Treatment with exogenous rIL-2 or rlFN-y 
delayed the onset of disease signs which appeared between 
11-16 days p.i., and significantly (p <0.001) prolonged 
survival of nude mice. Nevertheless, all mice that had been 
infected with W-HA-TK and treated with either rIL-2 or ^ 
rlFN-y succumbed to disseminated disease and died with 
MTD of 23.4 and 25.8 days, respectively. 

Hie survival rates are summarised in the following Table: 



TREATMENT 


W-HA-IU2 


W-HA-TK (Control) 


nil 


5/5 survivors 


0/5 survivors 


rD>2 600 U 


ND 


0/5 survivors 


every 8 his 






for 5 days 






rlFN-y 600 U 


ND 


0/5 survivors 


every 8 hrs 






for 5 days 







25 



30 



EXAMPLE 12 35 

In this example, a recombinant vaccinia virus (W-HA- 
IL5) expressing IL-5 in combination with the hemaggluti- 
nin of influenza virus PR8 (HA) is constructed using the 
methods described in Example 1. Thus, the HA gene was 
inserted in the J region of vaccinia virus strain WR (see FIG. 40 
2), and the genes for murine IL-5 (45) and thymidine kinase 
of HSV in the F region. 

The leukaemic B cell line BCL l9 which responds to IL-5 
by proliferating, was used to test for expression of IL-5 by 45 
the construct. FIG. 14 shows that 12 hour supematants from 
W-HA-IL5-infected 143B cells stimulated BCL 1 to prolif- 
erate in a dose-dependent manner, unlike those from unin- 
fected 143B cells or from cells infected with the control 
virus, W-HA-TK, which encodes HA but not IL-5. 5Q 

In time-course experiments to assess virus growth in vivo, 
it was found that both W-HA-IL5 and W-HA-TK exhibit 
similar growth kinetics in murine lung when administered 
intranasally (FIG. 15). 

IL-5 activity in vivo was assessed by examining the 55 
influence of W-encoded IL-5 on the immune response to 
co-expressed HA in vivo, in terms of numbers of 
HA-specific antibody-secreting cells (ASC). This parameter 
was chosen as most likely to reflect IL-5 activity, given 
existing evidence from in vitro studies that this factor 60 
appears to act in promoting terminal differentiation of B 
cells. The ELISPOT assay was used to enumerate 
HA-specific antibody-secreting cells. This assay detects 
specific antibody secreted by each cell as an insoluble spot 
on nitrocellulose membrane. 65 

No elevation in numbers of anti-HA ASC of IgM, G or A 
iso types were detected in either hiogs or spleen of mice 
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given W-HA-IL5 intravenously compared with those given 
control vims (data not shown). Similarly, IgM or IgG ASC 
levels-in the lung were unaffected following intranasal 
inoculation. However, following intranasal inoculation, 
numbers of anti-HA IgA ASC in lungs were up to 4-fold 
higher in mice given W-HA-IL5 (FIG. 16 — mice given 
intranasally 10 7 plaque-forming units of virus at day 0). 
These differences became apparent by day 16 after infection 
and persisted for over 3 weeks. 

In vitro evidence supporting the concept that IL-5 is 
acting to increase ASC numbers by increasing differentiation 
of committed membrane IgA-positive cells to plasma cells is 
shown in the following table. Mice were primed with 
influenza virus PR8 and hing cells were isolated 14 days 
later, T-depleted, fractionated by panning and cultured for 4 
days. Both unfractionated B cells and mlgA*' cells cultured 
with recombinant IL-5 displayed increased ASC numbers, 
unlike the mlgA" fraction. 

TABLE 



Effect of rIL5 on IgA ASC numbers in immunised lung. 



inoc 
in vivo 


restim 


Total IffA ASCflO 6 cells cultured 


in vitro 


B cells 


mlgA* 


mlgA 


PR8 


none 


200 * 60 


1220 ±220 


20 ±10 


PR8 


rtl^S 


520 ±125 


3750 * 435 


30 ± 12 




(5 u/ml) 








none 


r£L-5 


220 ±80 


1590 ± 450 


35 ±20 



The above data provides evidence for the ability of IL-5 
co-expressed with HA in recombinant W to augment IgA 
responses to HA In vivo. As IgA functions in virus neutrali- 
sation at the most common point of infection, ie. the 
mucosae, such responses may afford increased protection. 
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